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(54) Optical information processing system using optical aberrations and information medium 
having recording layer protected by transparent layer having thickness irregularity 



(57) A thickness servo system using optical aberra- 
tions is provided. This system includes an objective lens 
(60) facing a recording layer covered with a transparent 
layer accompanying thickness irregularity, a laser 
source (1 0) for supplying a laser beam to the recording 
layer through the objective lens (60) and transparent 
layer, a photodetector (90A) for detecting the laser beam 
reflected by the recording layer through the transparent 
layer and objective lens (60), and a thickness irregularity 
correction section (50, 52) which is placed in a laser 



beam optical path between the laser source (10) and 
the recording layer to correct an optical aberration of the 
objective lens (60) due to the thickness irregularity of 
the transparent layer. In this servo system, the photode- 
tector (90A) detects an aberration amount correspond- 
ing to thickness irregularity, and the thickness irregular- 
ity correction section (50, 52) operates to minimize the 
detected aberration amount. The thickness irregularity 
of the transparent layer can also be calculated from the 
detected aberration amount. 
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Description 

[0001] The present invention relates to the following 
used in a system (apparatus/method) for playing back 
information recorded on an information medium (optical 5 
disk) by using a focused light beam (laser beam) and 
recording/playing back information on/from an informa- 
tion medium: 

(01) aberration state detection of a focused light 10 
beam formed on the recording surface of an infor- 
mation medium; 

(02) aberration correction control on a focused light 
beam formed on the recording surface of the infor- 
mation medium; 15 

(03) improvements (rationalization/ simplification) 
in an optical system and processing circuit system 
in an optical head or information playback appara- 
tus/information recording/playback apparatus hav- 
ing the track deviation detection function of making 20 
a focused light beam on the recording surface of an 
information medium stably trace a recording track 
and an aberration correction function for the fo- 
cused light beam; 

(04) improvements (rationalization/ simplification) 25 
in an optical system and processing circuit system 
in an optical head or information playback appara- 
tus/information recording/playback apparatus hav- 
ing the function of improving the quality of a play- 
back signal from an information medium (perform- 30 
ing crosstalk cancellation between adjacent tracks 
on the information medium) and an aberration cor- 
rection function for a focused light beam formed on 
the recording surface of the information medium; 

(05) the physical properties (structure, size, char- 35 
acteristics, and the like) of an information medium 
suited to an increase in density; and 

(06) a manufacturing management method associ- 
ated with information media (e.g., single-sided sin- 
gle-/dual-layer optical disks), which is used to pro- 40 
vide an information medium that can guarantee sta- 
ble recording operation or stable playback opera- 
tion. 



[0002] From another viewpoint, the present invention 
relates to the following as well: 

(11) a thickness servo system using optical aberra- 
tions; 

(1 2) a system for detecting the thickness irregularity 
of the transparent protective layer of an information 
medium by using optical aberrations; 

(13) an information medium having a single-sided 
single-layer information recording layer (read-only 
layer or read/write layer) protected by a transparent 
protective layer; 

(14) an information medium having a single-sided 
dual-layer information recording layer (each layer 



2 

formed as a read-only layer or read/write layer) pro- 
tected by a transparent protective layer; 

(1 5) an objective lens control method using optical 
aberrations, and an optical head using this method; 

(16) an aberration state detection method and a tilt 
servo control using this method; 

(17) an optical head having an aberration detection 
optical system and differential push-pull signal 
processing system, and a servo system using this 
optical head; and 

(18) an optical head having an aberration detection 
optical system and crosstalk cancellation process- 
ing system, and a servo system using this optical 
head. 

[0003] Recently, the NA value of the objective lens of 
an optical head used in an information playback appa- 
ratus or information recording/playback apparatus has 
been increased lo reduce the spot size of a focused light 
beam so as to increase the recording density of an in- 
formation medium. For example, the NA value of the ob- 
jective lens of a CD optical head is set to 0.47; the NA 
value of an early MO drive, 0.55; and the NA value of a 
present-generation DVD apparatus, 0.6. An NA value of 
0.65 or more is being studied in an information playback 
apparatus or information recording/playback apparatus 
used for a next-generation DVD. 

[0004] If thickness irregularity occurs in the transpar- 
ent layer, the amount of spherical aberration caused in 
a focused light beam on the recording surface increases 
approximately in proportion to the fourth power of an NA 
value. In an information playback apparatus or informa- 
tion recording/playback apparatus with an NA value of 
0.65 or more, therefore, a new technique of "a correction 
function (thickness servo control) for the thickness irreg- 
ularity of a transparent layer" has been required to cor- 
rect spherical aberration caused by the thickness irreg- 
ularity of the transparent layer. 

[0005] In addition, since the technique of "the trans- 
parent layer thickness irregularity correction function 
(thickness servo)" has not been used in information 
playback apparatuses and information recording/play- 
back apparatuses, "the residual deviation amount (the 
upper limit of an allowable residual deviation amount) 
45 required for stable operation in transparent layer thick- 
ness irregularity correction function (thickness servo)" 
is completely unknown information in the past servo 
techniques. 

[0006] The technique of "the transparent layer thick- 
50 ness irregularity correction function (thickness servo)" 
has not been used in information playback apparatuses 
and information recording/playback apparatuses. For 
this reason, information about "an allowable range of the 
thickness irregularities of transparent layers which exist 
55 before correction" is completely unknown information at 
present. 

[0007] In designing a servo circuit for a transparent 
layer thickness irregularity correction function (thick- 
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ness servo control), both the "required residual devia- 
tion amount" and "the range of the thickness irregulari- 
ties of transparent layers which exist before correction 
(the maximum width of transparent layer thickness ir- 
regularity in non-defective disks within specifications)" 
are essential information. 

[0008] As described above, in the prior art, since the 
NA value is 0.6 or less, an aspheric single lens is often 
used as an objective lens used for an optical head in an 
information playback apparatus/information recording/ 
playback apparatus (optical disk drive). If the NA value 
is increased to 0.65 or more to increase the recording 
density in a next-generation DVD S a single-lens struc- 
ture cannot be used owing to a problem in terms of a 
manufacturing technique for objective lenses, and an 
objective lens structure constituted by two or more lens- 
es is required. 

[0009] With an NA of 0.65 or more, to ensure a posi- 
tional shift margin between lenses and tilt margin, a 
transparent layer thinner than that in a conventional 
DVD, which is 0.6 mm thick, (for example, a 0.1 -mm 
thick layer) is required. If the thickness of a transparent 
layer is greatly decreased from 0.6 mm in the prior art, 
the influence of the thickness irregularity of the trans- 
parent layer relatively increases. This makes it difficult 
to use the same manufacturing method (quality control 
method) as that for an information medium used for a 
conventional DVD. 

[0010] For this reason, a next-generation DVD uses 
the following information medium structure. A substrate 
(which need not always be transparent) is placed in a 
direction (on the disk lower surface side) in which re- 
cording or playback light is shielded, a reflecting layer 
or recording layer is formed on the substrate, and a thin 
(for example, a nominal thickness of 0.1 mm) transpar- 
ent protective layer is formed on the recording layer. 
[0011] For an information medium (optical disk) for 
such a next-generation DVD, methods of forming a 
transparent layer that exists in a direction in which re- 
cording or playback light is transmitted may include, for 
example: 

(A) a method of coating a reflecting or recording lay- 
er with a transparent layer by spin coating, blade 
coating, or the like; and 

(B) a method of bonding a transparent layer (trans- 
parent sheet) formed in advance onto a reflecting 
layer or recording layer through a transparent ad- 
hesive layer. 

[0012] It is impossible to measure the thickness of a 
transparent layer in the process of manufacturing an in- 
formation medium by using either of methods (A) and 
(B) alone, and hence the thickness of the transparent 
layer must be measured upon completion of the infor- 
mation medium. 

[0013] An information medium (optical disk) used for 
a conventional DVD has a structure in which a reflecting 



layer or recording layer is directly formed on a transpar- 
ent substrate with a thickness of 0.6 mm, and the re- 
cording surface (reflecting layer or recording layer) is 
irradiated with a laser beam through the 0.6-mm thick 

5 transparent substrate. For this reason, the thickness ir- 
regularity of the transparent substrates of information 
media used for a conventional DVD can be easily man- 
aged by mechanically measuring the thickness of each 
transparent substrate by using a micrometer or the like 

10 before a reflecting layer or recording layer is formed in 
a manufacturing process. However, such a mechanical 
measurement method is not suited to measuring and 
managing the above thin (0.1 mm) transparent layer 
with high precision. 

15 [0014] In information media whose compatibility 
among products must be guaranteed, the transparent 
layer thickness irregularity range allowed for information 
media (mass-produced optical disks) is defined in spec- 
ifications. In defining a transparent layer thickness irreg- 

20 ularity allowable range in specifications, however, any 
method of measuring the thickness of a transparent lay- 
er portion has not yet been established. 
[001 5] As a method of measuring the thickness of the 
transparent layer of a completed medium (optical disk), 

25 a method of peeling off part of a transparent layer and 
measuring a level difference in accordance with the 
presence/absence of a transparent layer by a turnery 
step. Since this method is a destructive measurement 
method for an information medium, the information me- 

30 dium cannot be used after the measurement (destruc- 
tion of part of the transparent layer). 
[0016] At present, no nondestructive measurement 
method is available, which can be used to measure the 
thickness of the thickness of a transparent layer in an 

35 information medium (optical disk) for a next-generation 
DVD, and hence a high-precision nondestructive meas- 
urement method is required. 

[0017] In addition, there is no information as to what 
to do about the characteristics (e.g., the relationship be- 
40 tween thickness and refractive index) of the transparent 
layer of an information medium (optical disk) whose 
transparent layer has thickness irregularity in an allow- 
able range. 

[0018] DVD-ROM disks that are currently on the mar- 
45 ket include single-sided dual-layer disks. According to 
the specifications for currently available DVD-ROM 
disks, the thickness of the portion between two reflecting 
layers is defined to 55 ± 15 fim, and the distance from 
the surface (incident surface) of a DVD-ROM disk to 
so each recording layer is defined within the range of +53 
u/n to -50 urn with respect to a reference value of 0.6 
mm. The NA value of an optical head used in a currently 
available DVD is 0.60, and a thickness error range of 
+53 u>m to -50 u,m is included in an allowable aberration 
55 range in a playback optical system. 

[0019] As described above, however, the amount of 
spherical aberration increases in proportion to the fourth 
power of the NA value of an objective lens. For this rea- 
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son if the NA value is increased to 0.65 or more to in- 
crease the recording density of an information medium, 
the amount of spherical aberration sharply increases, 
and the increased aberration amount falls out of the 
above allowable aberration range (+53 p.m to -50 urn). 
[0020] To solve this problem, the following two meas- 
ures must be taken: 

* reducing the distance between the two layers to let 
the amount of spherical aberration fall within the al- 
lowable aberration range in the playback optical 
system; and 

* strictly managing the precision of the thickness from 
the disk surface (incident surface) to each layer, i. 
e., a reflecting surface or recording surface. 

In this case, however, the following problems arise: 

If the distance between the two layers is reduced, 
light reflected by one reflecting layer or recording 
layer leaks into the photodetector while information 
is played back from the other reflecting layer or re- 
cording layer resulting in interlayer crosstalk and a 
deterioration in playback signal. 
If the precision of the thickness from the disk sur- 
face to each layer is strictly managed, the manufac- 
turing yield of information media (optical disks) de- 
creases, resulting in an increase in the sales price 
of information media. 



[0021] Consider a case where information is optically 
read from a high-density recording layer under a thin 
transparent layer (e.g., 0.1 mm thick) having thickness 
irregularity by using a laser beam of a short wavelength 
(e.g., 405 nm) focused by an objective lens having a 
large NA (e.g., 0.85). In this case, two servo operations 
are required: focusing servo operation of bringing a la- 
ser beam to a focus on the recording layer (focusing the 
beam into a minimum laser spot on the recording layer); 
and thickness servo operation of correcting an optical 
aberration caused by the thickness irregularity of the 
transparent layer (so as to prevent the laser spot size 
from being increased by an aberration even if the focus 
is automatically adjusted to a best point by focusing ser- 
vo operation). 

[0022] As a method of simultaneously performing fo- 
cusing servo operation and thickness servo operation, 
a method of making a focusing servo optical system and 
thickness servo optical system wobble at different fre- 
quencies may be used. In this method, by detecting the 
envelope of a playback RF signal obtained from an op- 
tical disk through wobbling, focusing servo control and 
thickness servo control are performed (since the wobble 
frequency of the playback RF signal envelope in focus- 
ing servo control differs from that in thickness servo con- 
trol, frequency separation of servo detection signals in 
the two servo operations can be performed). 
[0023] In this method, however, much crosstalk oc- 



curs between a detection signal in focusing servo con- 
trol and a detection signal in thickness servo control, and 
hence it is impossible to completely separate a focusing 
servo loop from a thickness servo loop. It is therefore 
5 difficult to provide sufficient, stable servo control, result- 
ing in stricter requirement for the thickness irregularity 
allowable range for transparent layers. In addition, since 
the upper limit of servo response frequencies is restrict- 
ed by a wobbling frequency, high-speed servo control is 
10 difficult to realize. 

[0024] As described above, when an optical disk (in- 
formation medium) tilts with respect to the objective lens 
due to the influence of warpage and the like in the radial 
direction and/or circumferential direction of the optical 
15 disk, coma occurs in a focused light beam on the record- 
ing surface. When this coma occurs, the spot size of the 
focused light beam on the recording surface increases 
to cause a deterioration in playback signal from the op- 
tical disk (information medium) or instability in recording 
20 on the optical disk (information medium) as in the case 
of the occurrence of spherical aberration. 
[0025] To solve this problem, an additional tilt servo 
mechanism for correcting the influence of coma caused 
by "the tilt of a transparent layer with respect to the ob- 
25 jective lens" upon the warpage of a disk (information me- 
dium) or the like is introduced (as needed) as well as an 
additional thickness servo mechanism for correcting the 
influence of spherical aberration caused by "the thick- 
ness irregularity of the transparent layer of a disk (infor- 

30 mation medium)". 

[0026] If, however, a thickness servo mechanism and/ 
or tilt servo mechanism is additionally introduced, in- 
cluding their detection optical systems (in addition to the 
above DPP and/or CTC optical systems and circuit sys- 
35 terns), the servo system (detection system and circuit 
system) is complicated accordingly, resulting in an in- 
crease in the cost of an optical head. 
[0027] The present invention has been made to solve 
the above problems, and has as its objects 

40 

(1) to provide a thickness servo system using an 
optical abenation, or a highly stable, reliable infor- 
mation playback apparatus or information record- 
ing/playback apparatus by defining a residual devi- 

45 ation amount required for a thickness irregularity 
correction function (thickness servo control); 

(2) to provide a system for detecting the thickness 
irregularity of the transparent protective layer of an 
information medium using an optical aberration, or 

so atransparent layer thickness measurement method 
which can ensure high stability and high reliability 
of a thickness irregularity correction function (thick- 
ness servo control) in an information playback ap- 
paratus or information recording/playback appara- 
55 tus by limiting the thickness of a transparent layer 
within a defined range; 

(3) to provide an information medium having a sin- 
gle-sided single-layer information recording layer 
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(read-only layer or read/write layer) protected by a 
transparent protective layer, or an information me* 
dium which can ensure high stability and high reli- 
ability of a thickness irregularity correction function 
(thickness servo control) in an information playback s 
apparatus or information recording/playback appa- 
ratus by limiting the thickness of a transparent layer 
within a defined range; 

(4) to provide an information medium having a sin- 
gle-sided dual-layer information recording layer 10. 
(each layer serving as a read-only layer or read/ 
write layer) protected by a transparent protective 
layer, or to increase the manufacturing yield of in- 
formation media by guaranteeing stable playback 

or recording operation of an information medium 1 $ 
having a single-sided dual-layer structure even if an 
objective lens having a large numerical aperture (e. 
g., NA is 0.65 or more) is used, or relaxing the re- 
quirement for the precision of the thickness from the 
surface of an information medium to each layer, i. 20 
e., a reflecting layer or recording layer, thereby de- 
creasing the price of information media; 

(5) to provide a lens control method using an optical 
aberration and an optical head using the method, 

or a lens control method using a focusing servo loop 25 
and thickness servo loop which are completely in- 
dependent of each other and an optical head using 
the method; 

(6) to provide an aberration state detection method 
and a tilt servo mechanism using the method, or a so 
coma state detection method and a tilt servo mech- 
anism for suppressing the influences of the warp- 
age and the like of an optical disk (information me- 
dium) in the radial direction and/or circumferential 
direction by using the method; 35 

(7) to provide an optical head having an aberration 
detection optical system and differential push-pull 
signal processing system and a servo system (or 
apparatus) using the optical head, or decrease the 
cost of an optica! head by using one optical system *o 
as an aberration detection optical system for thick- 
ness servo control and/or tilt servo control and an 
optical system for tracking servo control using the 
differential push-pull (DPP) method; and 

(8) to provide an optical head having an aberration 4 $ 
detection optical system and differential push-pull 
signal processing system and a servo system (or 
apparatus) using the optical head, or decrease the 
cost of an optical head by using one optical system 

as an aberration detection optical system for thick- so 
ness servo control and/or tilt servo control and an 
optical system for a crosstalk canceler (CTC). 

[0028] In order to achieve the above objects, a servo 
system (or apparatus) according to the present inven- 55 
tion 

* defines, for the thickness irregularity of a transpar- 



ent layer, the characteristics of a thickness irregu- 
larity correction function (thickness servo control) 
(controlling the residual deviation amount in trans- 
parent layer thickness irregularity correction to a 
predetermined value or less) in an information play- 
back apparatus or recording/playback apparatus by 
using the RMS (Root Mean Square) value of spher- 
ical aberration components, 
* defines an allowable residual deviation amount for 
a thickness irregularity correction function (thick- 
ness servo control) by using the Marechal criterion 
(controls the residual deviation amount in transpar- 
ent layer thickness irregularity correction to 0.07 
Xvrus where X is the wavelength of light in use), or 
sets an allowable thickness irregularity range for the 
transparent layer of an information medium from the 
allowable residual deviation amount for the thick- 
ness irregularity correction function (thickness ser- 
vo control) and servo loop gain G of thickness servo 
control set in an information playback apparatus or 
recording/playback apparatus (controls the residual 
deviation-amount in transparent layer thickness ir- 
regularity correction to 0.07 X rms x G or less where 
X is the wavelength of light in use). 

[0029] In other words, in order to achieve the above 
objects, the servo system (or apparatus) according to 
the present invention 

activates a transparent layer thickness irregularity 
correction (thickness servo) function when informa- 
tion is to be played back or recorded from/on an in- 
formation medium (an optical disk having a single- 
sided single-layer structure or single-sided dual- 
layer structure) by using an objective lens whose 
NA exceeds 0.65, 

defines the residual deviation amount in thickness 
. irregularity correction (thickness servo control) for 
an information medium (an optical disk having a sin- 
gle-sided single-layer structure or single-sided du- 
al-layer structure) to 0.07 Arms (or 0.07 A.rms x G 
or less when servo gain G is set for thickness servo 
control) in order to guarantee stable, reliable play- 
back or recording operation, or 
defines the precision of the thickness from the sur- 
face of an information medium to each layer (one 
or two layers), i.e., a reflecting layer or recording 
layer (defines the residual deviation amount in 
thickness servo control to 0.07 X, rms x G or less) 
in consideration of servo gain G (G is 1 or more; e. 
g., G = 2 to 1 0000) for thickness irregularity correc- 
tion (thickness servo control) in order to guarantee 
stable, reliable thickness irregularity correction 
(thickness servo control). 

[0030] <1A> More specifically, a servo system ac- 
cording to the present invention is used to play back in- 
formation recorded on the recording layer or reflecting 
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layer or recording/playing back on/from the recording 
layer from the information medium (1 00) which has the 
recording layer or reflecting layercovered with the trans- 
parent layer that can accompany thickness irregularity 
or refractive index irregularity, 

and comprises a light sending system {20 - 60) for 
focusing light (LB) of wavelength X from a light source 
(1 0) onto a recording surface of the information medium 
(1 00), a detection optical system (30 - 90A) for detecting 
the light (LB) of wavelength X from the information me- 
dium (100), and a servo system (thickness servo sys- 
tem) for reducing an optical aberration amount of the 
light of wavelength X focused on the recording surface 
of the information medium (100) by the light sending 

system (20-60), 

wherein a residual deviation amount of the optical 
aberration is kept to not more than 0.07 Arms as a result 
of operation of the servo system for reducing the optical 
aberration amount. 

[0031] <1B> Alternatively, a servo system according 
to the present invention is used to play back information 
recorded on the recording layer or reflecting layer or re- 
cording/playing back on/from the recording layer from 
the information medium (100) which has the recording 
layer or reflecting layer covered with the transparent lay- 
er that can accompany thickness irregularity or refrac- 
tive index irregularity, and comprises a light sending sys- 
tem (20 - 60) for focusing light (LB) of wavelength X. from 
a light source (1 0) onto a recording surface of the infor- 
mation medium (100), a detection optical system (30 - 
90A) for detecting the light (LB) of wavelength X from 
the information medium (100), and a servo system 
(thickness servo system) for reducing an optical aber- 
ration amount of the light of wavelength X focused on 
the recording surface of the information medium (100) 
by the light sending system (20 - 60), 

wherein a residual deviation amount of the optical 
aberration is kept to not more than 0.07 X rms x G where 
G is a servo gain for the servo system for reducing the 
optical aberration amount as a result of operation of the 
servo system. 

[0032] <1C> Alternatively, a servo system according 
to the present invention comprises an objective lens (60) 
facing a recording layercovered with a transparent layer 
accompanying thickness irregularity., a laser source (1 0) 
for supplying a laser beam to the recording layer through 
the objective lens (60) and transparent layer, a photo- 
detector (90) for detecting the laser beam reflected by 
the recording layer through the transparent layer and 
objective lens (60), and thickness irregularity correction 
means (50 - 54) which is placed in a laser beam optical 
path between the laser source (10) and the recording 
layerto correct an optical aberration of the objective lens 
(60) due to the thickness irregularity of the transparent 
layer, 

thereby forming a feedback loop in which the pho- 
todetector (90) detects an aberration amount corre- 
sponding to thickness irregularity, and the thickness ir- 



regularity correction means (50 - 54) operates to mini- 
mize the detected aberration amount. 
[0033] <1 D> Alternatively, a servo system according 
to the present invention comprises an objective lens (60) 
5 facing a recording layer covered with a transparent layer 
accompanying thickness irregularity or refractive index 
irregularity, a laser source (10) for supplying a laser 
beam having wavelength X to the recording layer 
through the objective lens (60) and transparent layer, a 
10 photodetector (90) for detecting the laser beam reflect- 
ed by the recording layer through the transparent layer 
and objective lens (60), and thickness irregularity cor- 
rection means (50 - 54) which is placed in a laser beam 
optical path between the laser source (10) and the re- 
15 cording layer to correct an optical aberration of the ob- 
jective lens (60) due to the thickness irregularity or re- 
fractive index irregularity of the transparent layer, 

wherein in a feedback loop in which the photode- 
tector (90) detects an aberration amount corresponding 
20 to thickness irregularity or refractive index irregularity, 
and the thickness irregularity correction means^SO - 54) 
operates to minimize the detected aberration amount, 

a residual deviation amount as an optical aberra- 
tion amount left at an operation convergence point of 
25 the feedback loop is kept to not more than 0.07 X rms. 
[0034] <1 E> Alternatively, a servo system according 
to the present invention comprises an objective lens (60) 
facing a recording layer covered with a transparent layer 
accompanying thickness irregularity or refractive index 
30 irregularity, a laser source (10) for supplying a laser 
beam having wavelength X to the recording layer 
through the objective lens (60) and transparent layer, a 
photodetector (90) for detecting the laser beam reflect- 
ed by the recording layer through the transparent layer 
35 and objective lens (60), and thickness irregularity cor- 
rection means (50 - 54) which is placed in a laser beam 
optical path between the laser source (1 0) and the re- 
cording layer to correct an optical aberration of the ob- 
jective lens (60) due to the thickness irregularity or re- 
40 tractive index irregularity of the transparent layer, 

wherein in a feedback loop having servo gain G 
larger than 1 (2 to 10,000) in which the photodetector 
(90) detects an aberration amount corresponding to 
thickness irregularity or refractive index irregularity, and 
45 the thickness irregularity correction means (50 - 54) op- 
erates to minimize the detected aberration amount, 

a residual deviation amount as an optical aberra- 
tion amount left at an operation convergence point of 
the feedback loop is kept to not more than 0.07 Arms x 
50 G. 

[0035] <1 F> Alternatively, a servo system according 
to the present invention comprises an objective lens (60) 
facing a recording layer covered with a transparent layer 
accompanying thickness irregularity, a laser source (1 0) 
55 for supplying a laser beam to the recording layer through 
the objective lens (60) and transparent layer, a hologram 
element (20A) which is placed between the objective 
lens (60) and the laser source (10) to generate sub- 
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beams from a laser beam to the recording layer or re- 
flecting layer, a photodetector (90) for detecting the laser 
beam reflected by the recording layer through the trans- 
parent layer and objective lens (60), and thickness ir- 
regularity correction means (50 - 54) which is placed in 
a laser beam optical path between the laser source (10) 
and the recording layer to correct an optical aberration 
of the objective lens (60) due to the thickness irregularity 
of the transparent layer, 

thereby forming a feedback loop in which the pho- 
todetector (90) detects an aberration amount corre- 
sponding to thickness irregularity by detecting changes 
in spots of the sub-beams on the recording surface, and 
the thickness irregularity correction means (50 - 54) op- 
erates to minimize the detected aberration amount. 
[0036] <1G> The servo system according to the 
present invention can be incorporated in an optical disk 
apparatus for recording/playing back information on/ 
from an optical disk (100) having a recording layer or 
reflecting layer covered with the transparent layer. 
[0037] <1H> Alternatively, the servo system accord- 
ing to the present invention can be incorporated in an 
optical disk apparatus which records/ptays back infor- 
mation on/from an optical disk (1 00) having a recording 
layer or reflecting layer covered with the transparent lay- 
er, and comprises an optical head including the objec- 
tive lens, the thickness irregularity correction means (50 
- 54), and the laser source (10). 

[0038] In order to achieve the above objects, a system 
(or method) according to the present invention meas- 
ures the amount of wavef ront aberration of light focused 
on an information medium and reflected by it by using 
the principle of an interferometer, and measures the 
thickness irregularity amount of a transparent layer by 
converting the aberration amount. 
[0039] <2A> More specifically, a method according to 
the present invention comprises the steps of: 

irradiating the recording layer or reflecting layer of 
the information medium, covered by a transparent 
layer that can accompany thickness irregularity 
(5d), with a focused light beam through the trans- 
parent layer (laser source 1000 - objective lens 
1008); 

measuring an aberration amount (Wcrms) of light 
reflected by the recording layer or reflecting layer 
(CCD monitor 1012, wavefronl aberration analyzer 
1014); and 

obtaining a thickness (reference value of transpar- 
ent layer thickness 1 00 ujn + Sd or 1 00 u.m - 5d) of 
the transparent layer from the measured aberration 
amount (Wcrms). 

[0040] <2B> Alternatively, a method according to the 
present invention comprises the steps of: 

setting an inspection target disk (100) having a 
transparent layer that can accompany thickness ir- 
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25 



regularity (6d) in an inspection apparatus (FIG. 20) 
calibrated with a predetermined standard disk 
(ST202); 

measuring an aberration amount (Wcrms) corre- 
sponding to wavef ront aberration or spherical aber- 
ration at a transparent layer of the set target disk 
(ST208); and 

converting the measured aberration amount 
(Wcrms) into thickness irregularity (5d) of the trans- 
parent layer of the target disk (ST21 0, ST21 2; graph 
of FIG. 21 or equation (8)). 

[0041 ] <2C> Alternatively, a method according to the 
present invention comprises the steps of: • 

calibrating an inspection apparatus (FIG. 22) hav- 
ing a thickness servo system for suppressing an in- 
fluence of transparent layer thickness irregularity on 
a recording layer or reflecting layer of a disk 
(ST100); 

setting an inspection target disk (100) having a 
transparent layer that can accompany thickness ir- 
regularity (5d) in the calibrated inspection appara- 
tus (FIG. 22) (ST102); 

waiting until the thickness servo system is stabilized 
while receiving reflected light from the recording 
layer or reflecting layer of the target disk (ST108); 
detecting a residual deviation when the thickness 
servo system is stabilized (ST110); and 
measuring transparent layer thickness irregularity 
of the target disk from the detected residual devia- 
tion (ST112). 

[0042] <2D> Alternatively, a method according to the 
35 present invention comprises the steps of: 

sending a focus light beam which is given an optical 
aberration (spherical aberration and/or coma) to a 
recording layer or reflecting layer of an information 
medium (1 00) whose recording layer or reflecting 
layer is covered with a transparent layer (ST308); 
and 

detecting a state of occurrence of an aberration of 
the transparent layer (data corresponding to spher- 
ical aberration in ST31 0 and/or data corresponding 
to coma in ST31 2) from a playback signal (residual 
deviation in thickness servo control and/or ordinate 
signal in FIGS. 15-18) corresponding to a focused 
light beam reflected by the recording layer or reflect- 
ing layer. 
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[0043] <2E> Alternatively, a method according to the 
present invention comprises the steps of: 

calibrating an inspection apparatus (FIG. 19) hav- 
ing a tilt servo system for suppressing an influence 
of warpage of a disk by using a predetermined 
standard disk (ST300); 
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setting an inspection target disk (100) in the cali- 
brated inspection apparatus (FIG. 19); 
waiting until the tilt servo system is stabilized while 
receiving reflected light from the recording layer or 
reflecting layer of the target disk (ST308); 
acquiring information (data corresponding to coma) 
corresponding to warpage of the target disk from a 
detection signal (wobble detection signal) from the 
tilt servo system (ST31 2). 

r00441 In order to achieve the above objects, in an in- 
formation medium (single-sided single-layer optical 
disk) according to the present invention, a range deter- 
mined by a combination of a refractive index and thick- 
ness of a transparent layer is specified. 
[0045] <3A> More specifically, an information medi- 
um according to the present invention has a recording 
layer or reflecting layer protected by a transparent layer 
which has predetermined thickness d (nominal value of 
1 00 urn) and can accompany irregularity of refractive 
index n in a predetermined range (1 .47 to 1 .67) and 
thickness irregularity in a predetermined range (± 5d). 
[0046] In this case, a relationship between refractive 
index n and thickness d of the transparent layer is de- 
fined in a range surrounded by four points: 

(1) n = 1.47, d= 110 urn; 
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(4) n = 1.67, d= 90 urn 



(5) n = 1.62, d= 90 p.m; and 



(6) n = 1.57, d = 95 \xrr\. 

[0049] <3C> More specifically, an information medi- 
um according to the present invention has a recording 
layer or reflecting layer protected by a transparent layer 
which has predetermined thickness d (nominal value of 
100 urn) and can accompany irregularity of refractive 
index n in a predetermined range (1.42 to 1 .72) and 
thickness irregularity in a predetermined range (± 5d). 
[0050] In this case, a relationship between refractive 
index n and thickness d of the transparent layer is de- 
fined in a range surrounded by six points: 

(1) n = 1.42, d= 186 u.m; 



(2) n = 1.72, d= 160 ujti; 



(3) n = 1.72, d = 160 u.m; 



( 2) n = 1-67, d = 110 ujtv, 



30 



(4) n = 1 .72, 6 = 40 [im 



(3) n = 1 .67, d = 190 urn; and 



(4) n = 1.47, d = 90 u.m. 

[0047] <3B> More specifically, an information medi- 
um according to the present invention has a recording 
layer or reflecting layer protected by a transparent layer 
which has predetermined thickness d (nominal value of 
100 *im) and can accompany irregularity of retractive 
index n in a predetermined range (1 .57 to 1 .67) and 
thickness irregularity in a predetermined range (± 6d). 
[0048] In this case, a relationship between refractive 
index n and thickness d of the transparent layer is de- 
fined in a range surrounded by six points: 

(1 ) n= 1.57, d= 115 ujh; 



(2) n = 1.62, d = 110 ujtv, 



(3) n = 1.67, d = 110 urn; 
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(5) n = 1 .57, d = 40 u,m; and 



(6) n= 1.42, d = 66 jim. 

[0051] <3D> In the information medium according to 
the present invention, the transparent layer can be 
formed by polycarbonate, acrylic, or a carton. 
[0052] <3E> In the information medium according to 
the present invention, the reference value of the thick- 
ness d of the transparent layer can be a nominal value 
oMOOu/n. 

[0053] <3F> In addition, when the information medi- 
um according to the present invention is to be used in 
an apparatus (FIG. 6, FIG. 13 or 14) including an objec- 
tive lens (60) for guiding coherent light of a predeter- 
mined wavelength (e.g., X = 405 nm) to the recording 
layer or reflecting layer through the transparent layer, 
and a thickness servo system (500) for suppressing an 
influence of an optical aberration of the objective lens 
(60) due to thickness irregularity or refractive index ir- 
regularity in the transparent layer, thickness irregulanty 
6cl of the transparent layer is managed to become not 
more than a value corresponding to 
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{[0.94 X 8 • n 3 ]/[0.07 X (n 2 - 1) x (NA) 4 ]} 

x (G -Worms) 

where n is a refractive index of the transparent layer, NA 
is a numerical aperture of the objective lens, G is a servo 
gain of the thickness servo system, and Wcrms (FIG. 
21) is a correction function forthe optical aberration due 
to servo operation of the thickness servo system. 
[0054] <3G> In addition, the information medium ac- 
cording to the present invention is used in an apparatus 
(FIG. 6, FIG. 13 or 14) configured to irradiate the record- 
ing layer or reflecting layer with coherent light whose 
wavelength X falls in a range of 650 nm to 400 nm 
through the transparent layer. 

[0055] <3H> The apparatus (FIG. 6, FIG. 13 or 14) 
using the information medium according to the present 
invention includes an objective lens (60) for guiding the 
coherent light to the recording layer or reflecting layer 
through the transparent layer, and numerical aperture 
NA of the objective lens (60) is selected from a range of 
0.6 to 0.9, and more preferably a range of 0.65 to 0.85. 
[0056] <3I> In addition, the information medium ac- 
cording to the present invention has a recording layer 
or reflecting layer protected by a transparent layer which 
has predetermined thickness d (nominal value of 100 
|xm) and can accompany irregularity of refractive index 
n in a predetermined range and thickness irregularity in 
a predetermined range (± 5d), and is to be used in an 
apparatus (FIG. 6, FIG. 13 or 14) including an objective 
lens (60) for guiding coherent light of a predetermined 
wavelength (e.g., X = 405 nm) to the recording layer or 
reflecting layer through the transparent layer, and a 
thickness servo system (500) for suppressing an influ- 
ence of an optical aberration of the objective lens (60) 
due to thickness Irregularity or refractive index irregu- 
larity in the transparent layer thickness irregularity Sd 
of the transparent layer is managed to become not more 
than a value corresponding to 

{[0.94 x 8n 3 ]/[0.07 x (n 2 - 1) x (NA) 4 ]} 

x (G -Wcrms) 

where n is a refractive index of the transparent layer, NA 
is a numerical aperture of the objective lens, G is a servo 
gain of the thickness servo system, and Wcrms (FIG. 
21) is a correction function forthe optical aberration due 
to servo operation of the thickness servo system. 
[0057] In order to achieve the above objects, in an in- 
formation medium (single-sided dual-layer optical disk) 
according to the present invention, a range determined 
by a combination of a refractive index and thickness of 
a transparent layer is specified. 

[0058] <4A> More specifically, the medium according 
to the present invention has a first recording layer or re- 



flecting layer and a second recording layer or reflecting 
layer stacked on the first recording layer or reflecting 
layer through a transparent space layer, and a transpar- 
ent layer which has predetermined thickness d and can 
5 accompany irregularity of refractive index n in a prede- 
termined range and thickness irregularity in a predeter- 
mined range is formed on the first recording layer or re- 
flecting layer. 

[0059] In this case, predetermined thickness d (nom- 
10 inal value of 1 00 u.m) indicates a distance from a surface 

of the transparent layer to an intermediate portion of the 

space layer, and 

a relationship between refractive index n and 

thickness d of the transparent layer is defined in a range 
15 surrounded by four points: 

(1) n= 1.47, d = 115 nm; 

20 

(2) n = 1.67, d = 115 ujti; 
(3) n = 1 .67, d = 85 u.m; and 

25 

(4) n = 1 .47, d = 85 urn. 

[0060] <4B> More specifically, the medium according 
30 to the present invention has a first recording layer or re- 
flecting layer and a second recording layer or reflecting 
layer stacked on the first recording layer or reflecting 
layer through a transparent space layer, and a transpar- 
ent layer which has predetermined thickness d and can 
35 accompany irregularity of refractive index n in a prede- 
termined range and thickness irregularity in a predeter- 
mined range is formed on the first recording layer or re- 
flecting layer. 

[0061] In this case, predetermined thickness d (nom- 
40 inal value of 1 00 u.m) indicates a distance from a surface 

of the transparent layer to an intermediate portion of the 

space layer, and 

a relationship between refractive index n and 

thickness d of the transparent layer is defined in a range 
45 surrounded by four points: 



(1) n= 1.57, d = 120 ^m; 



50 



(2) n = 1.62, d= 115 nm; 



55 



(3) n = 1.67, d = 115 ^m; 



(4) n = 1.67, d = 85 p.m 
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(5) n = 1 .62, d = 85 u.m; and 



(6) n = 1.57, d = 90 jim. 

[0062] <4C> More specifically, the medium according 
to the present invention has a first recording layer or re- 
flecting layer and a second recording layer or reflecting 
layer stacked on the first recording layer or reflecting 
layerthrough a transparent space layer, and a transpar- 
ent layer which has predetermined thickness d and can 
accompany irregularity of refractive index n in a prede- 
termined range and thickness irregularity in a predeter- 
mined range is formed on the first recording layer or re- 
flecting layer. 

[0063] In this case, predetermined thickness d (nom- 
inal value of 1 00 urn) indicates a distance from a surface 
of the transparent layer to an intermediate portion of the 

space layer, and 

a relationship between refractive index n and 
thickness d of the transparent layer is defined in a range 
surrounded by four points: 

(1) n = 1.42, d = 229 ujti; 



(2) n = 1.57, d = 190 u,m; 



(3) n = 1.72, d= 190 ujti; 



(4) n = 1.72, d = 10 ujti 



(5) n = 157, d = 10 nm; and 



(6) n = 1 .42, d = 49 fim. 

[0064] <4D> In the information medium according to 
the present invention, the transparent layer can be 
formed by polycarbonate, acrylic, or a carton. 
[0065] <4E> In the information medium according to 
the present invention, the reference value of the thick- 
ness d of the transparent layer can be a nominal value 
of 100 ujti. 

[0066] <4F> In addition, when the information medi- 
um according to the present invention is to be used in 
an apparatus (FIG. 6, FIG. 13 or 14) including an objec- 
tive lens (60) for guiding coherent light of a predeter- 
mined wavelength (e.g., X= 405 nm) to the first record- 
ing layer or reflecting layer or the second recording layer 
or reflecting layer through the transparent layer, and a 
thickness servo system (500) for suppressing an influ- 
ence of an optical aberration of the objective lens (60) 
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due to thickness irregularity or refractive index irregu- 
larity in the transparent layer, thickness irregularity 8d 
of the transparent layer is managed to become not more 
than a value corresponding to 



{[0.94 x 8.n 3 ]/[0.07 x (n 2 - 1) X (NA) 4 ]} 

x (G-Wcrms) 

where n is a refractive index of the transparent layer, NA 
is a numerical aperture of the objective lens, G is a servo 
gain of the thickness servo system, and Wcrms (FIG. 
21 ) is a correction function for the optical aberration due 
to servo operation of the thickness servo system. 
[0067] <4G> In addition, the information medium ac- 
cording to the present invention is used in an apparatus 
(FIG. 6, FIG. 13 or 14) configured to irradiate the first 
recording layer or reflecting layer or the second record- 
ing layer or reflecting layer with coherent light whose 
wavelength X falls in a range of 650 nm to 400 nm 
through the transparent layer. 

[0068] <4H> The apparatus (FIG. 6, FIG. 13 or 14) 
using the information medium according to the present 
invention includes an objective lens (60) for guiding the 
coherent light to the recording layer or reflecting layer 
through the transparent layer, and numerical aperture 
NA of the objective lens (60) is selected from a range of 
0.6 to 0.9, and more preferably a range of 0.65 to 0.85. 
[0069] <4I> In addition, the information medium ac- 
cording to the present invention has a first recording lay- 
er or reflecting layer protected by a transparent layer 
which has predetermined thickness d (nominal value of 
100 urn) and can accompany irregularity of refractive 
index n in a predetermined range and thickness irregu- 
larity in a predetermined range (± 5d), and a second re- 
cording layer or reflecting layer stacked on the first re- 
cording layer or reflecting layer on an opposite side to 
the transparent layer through a transparent space layer, 
and is to be used in an apparatus (FIG. 6, FIG. 13 or 1 4) 
including an objective lens (60) for guiding coherent light 
of a predetermined wavelength (e.g. , X = 405 nm) to the 
first recording layer or reflecting layer or the second re- 
cording layer or reflecting layer through the transparent 
layer, and a thickness servo system <500) for suppress- 
ing an influence of an optical aberration of the objective 
lens (60) due to thickness irregularity or refractive index 
irregularity in the transparent layer, thickness irregular- 
ity 5d of the transparent layer is managed to become not 
more than a value corresponding to 



50 
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{[0.94 x 8.n 3 ]/[0.07 x (n 2 - 1) x (NA) 4 ]} 

x (G-Wcrms) 

where n is a refractive index of the transparent layer, NA 
is a numerical apertu re of the objective lens, G is a servo 
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gain of the thickness servo system, and Worms (FIG. 
21 ) is a correction function for the optical aberration due 
to servo operation of the thickness servo system. 
[0070] <4J> An apparatus (optical head, disk drive, or 
recorder/player) according to the present invention, 
which is used to play back information recorded on the 
recording layer or reflecting layer or recording/ playing 
back on/from the recording layer (100) from the infor- 
mation medium which has the recording layer or reflect- 
ing layer covered with the transparent layer that can ac- 
company thickness irregularity or refractive index irreg- 
ularity, comprises a light sending system (20 - 60) for 
focusing light (LB) from a light source (1 0) onto a record- 
ing surface of the information medium (100), a detection 
optical system (30 - 90A) for detecting the light (LB) from 
the information medium (1 00), and aberration correction 
means (50, 52) for correcting an optical aberration of the 
light focused on the recording surface of the information 
medium (100) by the light sending system (20 - 60). 
[0071] When information recorded on the recording 
layer or reflecting layer is played back, or information is 
recorded/played back on/from the recording layer, the 
aberration correction means (50, 52) corrects the optical 
aberration. 

[0072] In order to achieve the above objects, the ap- 
paratus according to the present invention is configured 
to detect an optical aberration amount (spherical aber- 
ration amount) and defocusing amount independently 
and perform correction control on the detected amounts. 
[0073] <5A> More specifically, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention is used to play back information re- 
corded on the information medium (100) or record/play 
back information on/from the information medium (1 00), 
and 

comprises a light sending system (20 - 60) for fo- 
cusing light (LB) from a light source (1 0) onto the record- 
ing surface of the information medium (100), and a de- 
tection optical system (30 - 90A) for detecting light from 
the information medium (100), 

wherein a spherical aberration state (FIGS. 8A -" 
8C) and defocusing state of the light focused on the re- 
cording surface of the information medium (100) by the 
light sending system (20 - 60) are independently detect- 
ed (FIG. 10). 

[0074] <5B> In addition, the apparatus according to 
the present invention can comprise: 

an objective lens (60) facing a recording layer or re- 
flecting layer covered with a transparent layer ac- 
companying thickness irregularity; 
a laser source (10) for supplying a laser beam to 
the recording layer or reflecting layer through the 
objective lens (60) and transparent layer; 
a photodetector (90A) for detecting the laser beam 
reflected by the recording layer or reflecting layer 
through the transparent layer and objective lens 
(60); 
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thickness irregularity correction means (50 - 54) 
which is placed in a laser beam optical path be- 
tween the laser source (1 0) and the recording layer 
or reflecting layer to correct spherical aberration of 
the objective lens (60) due to the thickness irregu- 
larity of the transparent layer; 
defocusing correction means (60, 62) for correcting 
defocusing of a beam spot of the laser beam formed 
on the recording layer or reflecting layer by the ob- 
jective lens (60); 

a focusing servo system (600) for detecting a defo- 
cusing amount of the beam spot focused on the re- 
cording surface of the information medium (1 00) by 
the photodetector (90A), and operating the- defo- 
cusing correction means (60, 62) so as to reduce 
the detected defocusing amount; and 
a thickness servo system (500) which detects a 
spherical aberration amount corresponding to the 
thickness irregularity by the photodetector (90A), 
operates the thickness irregularity correction 
means (50 - 54) so as to reduce the detected spher- 
ical aberration amount, and has a servo loop inde- 
pendent of a servo loop of the focusing servo sys- 
tem (600). 



[0075] <5C> The apparatus according to the present 
invention can further comprise a tracking servo system 
(400) having a servo loop independent of the servo loop 
of the thickness servo system (500) and the servo loop 

30 of the focusing servo system (600). 

[0076] In this case, the tracking servo system oper- 
ates to move the beam spot, whose spherical aberration 
amount and defocusing amount are respectively sup- 
pressed by the operations of the thickness servo system 

35 and focusing servo system, on a predetermined position 
on the recording layer or reflecting layer. 
[0077] In order to achieve the above objects, the ap- 
paratus according to the present invention is configured 
to detect the state of occurrence of wavefront aberration 

40 (spherical aberration) due to the thickness irregularity of 
the transparent layer of an information medium and the 
like. 

[0078] <6A> More specifically, an apparatus (FIG. 20) 
according to the present invention can comprise: 

45 

a light sending system (1 002 - 1 008) for focusing 
light from a light source (1 000) onto a recording sur- 
face of an information medium (100); 
a detection optical system (1 004 - 1 012) for detect- 

so jng light from the information medium (1 00); and 

means (1 01 4) for detecting a state of occurrence of 
wavefront aberration or spherical aberration (FIG. 
21) of the light focused on the recording surface of 
the information medium (100) by the light sending 

55 system (1002 - 1008) from a detection result ob- 

tained by the detection optical system (1004 - 
1012). 
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r0079] <6B> An apparatus (optical head, disk drive, 
or recorder/player) according to the present invent.on 
can comprise a light sending system (20 - 60) for focus- 
ing light (LB) from a light source (10) onto a recording 
surface of an information medium (100) upon giving an 
optical aberration to the light (LB), and a detection , opti- 
cal system (30 - 90) for detecting light (LB) from the in- 
formation medium (100), 

wherein an optical aberration state (FIGS. 9 and 
15 to 18) of the light focused on the recording surlace 
of the information medium (100) by the light sending 
system (20 - 60) is detected from a detection , resutt ob- 
tained by the detection optical system (30 - 90) (FIGS. 
Q 13 &nd 14) 

rooso'l <6C> An apparatus (optical head, disk drive, 
or recorder/player) according to the present invent.on 
can comprise a light sending system (20A - 60) for fo- 
cusing light (LB) from a light source (1 0) onto a recording 
surface of an information medium (100) upon giving 
spherical aberration to the light (LB), and a detection 
optical system (30 - 90A) for detecting light (LB) from 
the information medium (1 00), QXMtho 
wherein a spherical aberration state (FIG. 9) of the 
light focused on the recording surface of the information 
medium (1 00) by the light sending system (20A - 60) is 
detected from a detection result obtained by the detec- 
tion optical system (30 - 90A) (FIG. 6). 
rO081] <6D> The size of the focused spot of the light 
(LB) focused on the recording surface of the informat.on 
medium used in the apparatus according to the present 
invention changes in accordance with the amount of 
spherical aberration (FIGS. 5 and 9), and 

the spherical aberration state (FIG. 9) includes the 
relationship between the amount of spherical aberrat.on 
(the abscissa in FIG. 9) and the size of the focused spot 
the ordinate on the right side in FIG. 9) which changes 
in accordance with the amount of spherical aberrat.on. 
[00821 <6E> The central intensity of the focused spot 
of the light (LB) focused on the recording surface of the 
information medium used in the apparatus according to 
the present invention changes in accordance with the 
amount of spherical aberration (FIGS. 5 and 9), and 

the spherical aberration state (FIG. 9) includes the 
relationship between the amount of spherical aberrat.on 
(the abscissa in FIG. 9) and the central intensity of the 
focused spot (the ordinate on the left side in FIG. 9) 
which changes in accordance with the amount of spher- 
ical aberration. 

[0083] <6F> Letting X be the wavelength of the light 
(LB) used in the apparatus according to the present in- 
vention, the amount of spherical aberration (the abscis- 
sa in FIG 9) is selected from the range of 0.2 Mo 0.8 
X preferably the range of 0.3 X to 0.7 X, and more pref- 
erably the range of 0.4 X to 0.6 X (one of guidelines for 
range selection is associated with consideration given 
to the balance between the degree of a decrease in the 
central intensity of a focused spot with an increase in 
aberration amount and the rate of change in focused 



spot size with a change in aberration amount) . 
[0084] <6G> An apparatus (optical head, disk drive, 
or recorder/player) according to the present invent.on 
can comprise a light sending system (20B - 60) for fo- 
5 cusing light (LB) from a light source (1 0) onto a recording 
surface of an information medium (100) upon giving co- 
ma to the light (LB), and a detection optical system (30 
- 90B) for detecting light (LB) from the information me- 
dium (100), 

10 wherein a coma state (FIGS. 1 5 to 1 8) of the l.ght 

focused on the recording surface of the information me- 
dium (100) by the light sending system (20B - 60) is de- 
tected from a detection result obtained by the detection 
optical system (30 - 90B) (FIGS. 13 and 14). 
is [0085] <6H> This apparatus according to the present 
invention can be configured to detect a signal corre- 
sponding to a warpage amount (the ordinates in FIGS. 
1 5 to 1 8) corresponding to the warpage amount (the ab- 
scissas in FIGS. 15 to 18) of the information medium 
20 (1 00) from the coma state (FIGS. 15 to 1 8). 

[0086] <6I> In addition, this apparatus (optical head, 
disk drive, or recorder/player) according to the present 
invention can further comprise: 
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tilt correction means (72) for adjusting a tilt of the 
light incident from the light sending system (20B - 
60) to the recording surface of the information me- 
dium (100); and 

a tilt servo system (700) for operating the tilt correc- 
tion means (72) to make the light (laser beam pass- 
ing through the center of the objective lens) verti- 
cally strike the recording surface on the basis of the 
signal corresponding to the warpage amount (the 
ordinates in FIGS. 15 to 18) (FIGS. 13 and 14). 



35 



[0087] In order to achieve the above objects, an ap- 
paratus according to the present invention is configured 
to use one optical system as an aberration detection op- 
tical system and a DPP (Differential Push-Pull) optical 

40 system. . 
[0088] <7A> More specifically, an apparatus (optical 
head disk drive, or recorder/player) according to the 
present invention is used to play back information re- 
corded along a track concentrically or spirally formed on 

45 an information medium (100) by using a focused light 
beam or record information along a track concentrically 
or spirally formed on the information medium (100) by 
using a focused light beam, 
comprises: 

50 

a light source (10), an optical element (hologram el- 
ement 20A) having a light splitting function for fo- 
cusing light (LB) from the light source (10) onto a 
plurality of focusing positions on the recording sur- 
55 face of the information medium (1 00), a light send- 
ing system (30 - 60) for focusing light (LB) from the 
optical element (20A) onto a plurality of focusing po- 
sitions on the recording surface of the informat.on 
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medium (100), and a detection optical system (30 - 
90A) for detecting the light (LB) from the information 
medium (100), 

wherein a signal (differential push-pull DPP signal 5 
in FIG. 7) corresponding to a relative positional shift 
(track deviation) between the focused light beam and 
the track on the recording surface of the information me- 
dium (1 00) is detected from the detection optical system 
(30-90A). 10 
[0089] <7B> Alternatively, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention can comprise: 

a light source (10) for outputting coherent light (LB); *5 
an optical element (hologram element 20A) having 
a light splitting function for generating a main beam 
and a sub-beam from the light (LB); 
a light sending system (30 - 60) for sending the main 
beam and sub-beam to a recording layer or reflect- 20 
ing layer covered with a transparent layer that can 
accompany thickness irregularity, and focusing the 
beams on a recording surface of the recording layer 
or reflecting layer; 

a detection optical system (30 - 9 OA) including a 25 
main beam detection cell (92) for detecting the main 
beam reflected by the recording surface, and a sub- 
beam detection cell (94, 96) for detecting the sub- 
beam reflected by the recording surface; 
thickness irregularity correction means (50 - 54), 30 
placed in an optical path from the light source (10) 
to the recording surface, for correcting an optical 
aberration caused by thickness irregularity of the 
transparent layer; 

a thickness servo system (500) tor operating the 35 
thickness irregularity correction means (50 - 54) so 
as to reduce an influence of the optical aberration 
by the thickness irregularity of the transparent layer 
on the basis of detection signals from the sub-beam 
detection cell (94, 96); 40 
position shift correction means (64) for correcting a 
position shift (track deviation) of the main beam on 
the recording surface; and 

a tracking servo system (400) for operating the po- 
sition shift correction means (64) so as to reduce an 
influence of the positional shift of the main beam on 
the basis of a detection signal from the main beam 
detection cell (92), 

wherein the tracking servo system (400) operates so 
the positional shift correction means (64) so as to reduce 
the influence of the positional shift of the main beam by 
using the detection signal (DPP signal) from the sub- 
beam detection cell (94, 96), together with the detection 
signal from the main beam detection cell (92). 55 
[0090] <7C> Alternatively, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention can comprise: 
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a light source (1 0) for outputting coherent light (LB) ; 
an optical element (hologram element 20A) having 
a light splitting function for generating a Oth-order 
main beam and +1st-order sub-beam and -1st-or- 
der sub-beam from the light (LB); 
a light sending system (30 - 60) for sending the Oth- 
order main beam, +1st-order sub-beam : -1st-order 
sub-beam to a recording layer or reflecting layer 
covered with a transparent layer that can accompa- 
ny thickness irregularity, and focusing the beams on 
a recording surface of the recording layer or reflect- 
ing layer; 

a detection optical system (30 - 90A) including a 
main beam detection cell (92) for detecting the Oth- 
order main beam reflected by the recording surface, 
a first sub-beam detection cell (94) for detecting the 
+1st-order sub-beam reflected by the recording sur- 
face, and a second sub-beam detection cell (96) for 
detecting the -1sl-order sub-beam reflected by the 
recording surface; 

thickness irregularity correction means (50 - 54), 
placed in an optical path from the light source (10) 
to the recording surface, for correcting an optical 
aberration caused by thickness irregularity of the 
transparent layer; 

a thickness servo system (500) for operating the 
thickness irregularity correction means (50 - 54) so 
as to reduce an influence of the optical aberration 
by the thickness -irregularity of the transparent layer 
on the basis of detection signals from the first sub- 
beam detection cell (94) and second sub-beam de- 
tection cell (96); 

position shift correction means (64) for correcting a 
position shift (track deviation) of the main beam on 
the recording surface; and 

a tracking servo system (400) for operating the po- 
sition shift correction means (64) so as to reduce an 
influence of the positional shift of the main beam on 
the basis of a detection signal from the main beam 
detection cell (92), 

wherein the tracking servo system (400) operates 
the positional shift correction means (64) so as to reduce 
the influence of the positional shift of the main beam by 
using at least one of the detection signals (DPP signals) 
from the first sub-beam detection cell (94) and second 
sub-beam detection cell (96), together with the detection 
signal from the main beam detection cell (92). 
[0091] In order to achieve the above objects, an ap- 
paratus according to the present invention is configured 
to use one optical system as an aberration detection op- 
tical system and a CTC (crosstalk cancel) optical sys- 
tem. 

[0092] <8A> More specifically, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention is used to play back information re- 
corded along a track concentrically or spirally formed on 
an information medium (100) by using a focused light 
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beam, 



10 



comprises: 

a light source (1 0), an optical element (hologram el- 
ement 20A) having a light splitting function for fo- 
cusing light (LB) from the light source (10) onto a 
plurality of focusing positions on the recording sur- 
face of the information medium (1 00), a light send- 
ing system (30 - 60) for focusing light (LB) from the 
optical element (20A) onto a plurality of focusing po- 
sitions on the recording surface of the information 
medium (1 00), and a detection optical system (30 - 
90A) for detecting the light (LB) from the information 
medium (100), 

wherein a signal (crosstalk cancel CTC signal in 
FIG. 7) corresponding to crosstalk between adjacent 
tracks on the recording surface of the information medi- 
um (1 00) is detected from the detection optical system 
(30-90A). 

[0093] <8B> Alternatively, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention can comprise: 

a light source (1 0) for outputting coherent light (LB); 
an optical element (hologram element 20A) having 
a light splitting function for generating a main beam 
and a sub-beam from the light (LB); 
a light sending system (30 - 60) for sending the main 
beam and sub-beam to a recording layer or reflect- 
ing layer covered with a transparent layer that can 
accompany thickness irregularity, and focusing the 
beams on a plurality of adjacent tracks formed on a 
recording surface of the recording layer or reflecting 
layer; 

a detection optical system (30 - 90A) including a 
main beam detection cell (92) for detecting the main 
beam reflected by the recording surface, and a sub- 
beam detection cell (94, 96) for detecting the sub- 
beam reflected by the recording surface; 
thickness irregularity correction means (50 - 54), 
placed in an optical path from the light source (10) 
to the recording surface, for correcting an optical 
aberration caused by thickness irregularity of the 
transparent layer; 

a thickness servo system (500) for operating the 
thickness irregularity correction means (50 - 54) so 
as to reduce an influence of the optical aberration 
by the thickness irregularity of the transparent layer 
on the basis of detection signals from the sub-beam 
detection cell (94, 96); and 

playback means (300) for playing back information 
recorded on the recording track on the basis of a 
detection signal from the main beam detection cell 
(92), 

wherein the playback means (300) detects a 
crosstalk cancel signal (CTC signal) corresponding to a 
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crosstalk component between the plurality of adjacent 
tracks from the sub-beam detection cell (94, 96), and 
cancels the crosstalk component contained in the de- 
tection signal from the main beam detection cell <92) by 
using the crosstalk cancel signal <CTC signal). 
[0094] <8C> Alternatively, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention can comprise: ■ 

a light source (1 0) for outputting coherent light^LB); 
an optical element (hologram element 20A) having 
a light splitting function for generating a Oth-order 
main beam and +1 st-order sub-beam and -1st-or- 
der sub-beam from the light (LB); 
a light sending system (30 - 60) for sending the Oth- 
order main beam, +1 st-order sub-beam : -1 st-order 
sub-beam to a recording layer or reflecting layer 
covered with a transparent layer that can accompa- 
ny thickness irregularity, and focusing the beams on 
a plurality of adjacent tracks formed on a recording 
surface of the recording layer or reflecting layer; 
a detection optical system (30 - 90A) including a 
main beam detection cell (92) for detecting the Oth- 
order main beam reflected by the recording surface, 
a first sub-beam detection cell (94) for detecting the 
+1 st-order sub-beam reflected by the recording sur- 
face, and a second sub-beam detection cell (96) for 
detecting the -1 st-order sub-beam reflected by the 
recording surface; 

thickness irregularity correction means (50 - 54), 
placed in an optical path from the light source (10) 
to the recording surface, for correcting an optical 
aberration caused by thickness irregularity of the 
transparent layer; 

a thickness servo system (500) for operating the 
thickness irregularity correction means (50 - 54) so 
as to reduce an influence of the optical aberration 
by the thickness irregularity of the transparent layer 
on the basis of detection signals from the first sub- 
beam detection cell (94) and second sub-beam de- 
tection cell (96); and 

playback means (300) for playing back information 
recorded on the recording track on the basis of a 
detection signal from the main beam detection cell 
(92), 



45 
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55 



wherein the playback means (300) delects a 
crosstalk cancel signal (CTC signal) corresponding to a 
crosstalk component between the plurality of adjacent 
tracks from at least one of the first sub-beam detection 
cell (94) and second sub-beam detection cell (96), and 
cancels the crosstalk component contained in the de- 
tection signal from the main beam detection cell<92) by 
using the crosstalk cancel signal (CTC signal). 
[0095] In order to achieve the above objects, an ap- 
paratus according to the present invention is configured 
to use one optical system as an aberration detection op- 
tical system, DPP optical system, and CTC (crosstalk 
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cancel) optical system. 

[0096] <9A> More specifically, an apparatus (optical 
head, disk drive, or recorder/player) according to the 
present invention is used to play back information re- 
corded along a track concentrically or spirally formed on 5 
an information medium (100) by using a focused light 
beam, or record information along a track concentrically 
or spirally formed on the information medium (100) by 
using a focused light beam, 

comprises: 10 

a light source (1 0), an optical element (hologram el- 
ement 20A) having a light splitting function for fo- 
cusing light (LB) from the light source (10) onto a 
plurality of focusing positions on the recording sur- *5 
face of the information medium (100), a light send- 
ing system (30 - 60) for focusing light (LB) from the 
optical element (20A) onto a plurality of focusing po- 
sitions on the recording surface of the information 
medium (1 00), and a detection optical system (30 - 20 
90A) for detecting the light (LB) from the information 
medium (100), 

wherein a signal (differential push-pull DPP signal 
in FIG. 7) corresponding to a relative positional shift 25 
(track deviation) between the focused light beam and 
the track on the recording surface of the information me- 
dium (1 00) is detected from the detection optical system 
(30 -90 A), and 

a signal (crosstalk cancel CTC signal in FIG. 7) 30 
corresponding to crosstalk between adjacent tracks on 
the recording surface of the information medium (100) 
is detected from the detection optical system (30 - 90A). 
[0097] In the above arrangement, since a differential 
push-pull (DPP) signal and crosstalk cancel (CTC) sig- 55 
nal are extracted from the thickness servo and tilt servo 
optical systems and circuit systems, the thickness servo 
and tilt servo optical systems and circuit systems can 
be partly used for DPP and CTC operations. With this 
arrangement, the apparatus arrangement including the *o 
DPP and CTC functions can be simplified. This makes 
it possible to attain reductions in the size and weight of 
the apparatus and total cost. 

[0098] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 45 
vention may also be a sub-combination of these de- 
scribed features. 

[0099] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: so 

FIGS. 1 A to 1 D are views for explaining a spherical 
aberration correction mechanism (without any 
transparent layer) based on the spherical aberra- 
tion of a convex lens and a combination of concave 55 
and convex lenses; 

FIGS. 2A to 2C are views for explaining a mecha- 
nism of the occurrence of spherical aberration due 



A2 28 

to the thickness irregularity (and/or refractive index 
irregularity) of a transparent layer formed on the re- 
cording layer of an information medium (optical 
disk); 

FIGS. 3A to 3C are views for explaining how the 
state of occurrence of spherical aberration can be 
adjusted according to the relative positional rela- 
tionship between a thickness irregularity correction 
concave lens, thickness irregularity correction con- 
vex, and objective lens; 

FIGS. 4A to 4C are views for explaining how light 
which has passed through optical system unit 70, 
formed as one optical system unit by integrating the 
thickness irregularity correction concave lens, 
thickness irregularity correction convex lens, and 
objective lens into a black box, and is reflected by 
a recording surface behaves when spherical aber- 
ration is caused by the thickness Irregularity of a 
transparent layer formed on the recording layer; 
FIGS. 5A and 5B are views for explaining how the 
intensity distribution of a focused spot formed on a 
recording surface changes due to spherical aberra- 
tion when only the spherical aberration is given to 
the light without any defocusing correction (in-fo- 
cus/just focus is fixed at an objective lens center in 
the absence of aberration), and showing how the 
shape (size/width) of a focused spot changes in ac- 
cordance with each spherical aberration; 
FIG. 6 is a view for explaining the arrangement of 
an apparatus (the main part of an optical disk drive 
or recording/playback apparatus) including a 
means (thickness servo system) for suppressing 
the influence of spherical aberration caused by the 
thickness irregularity (and/or refractive index irreg- 
ularity) of the transparent layer of an information 
medium, a means (focusing servo system) for min- 
imizing defocusing on the recording surface of the 
information medium; 

FIG. 7 is a block diagram for explaining a specific 
example of the internal arrangement of each type 
of servo system shown in FIG. 6; 
FIGS. 8A to 8C are views for explaining how thick- 
ness servo control using spherical aberration is im- 
plemented in the arrangement in FIG. 6; 
FIG. 9 is a graph for explaining how the character- 
istics (relative central intensity and spot width) of a 
focused spot change when only spherical aberra- 
tion is given to the light without any defocusing cor- 
rection (in-focus/just focus is fixed at the objective 
lens center in the absence of aberration); 
FIG. 1 0 is a block diagram showing a thickness ser- 
vo system and focusing servo system which are in- 
dependent of each other and extracted from the ar- 
rangement in FIG. 6; 

FIGS. 11 A and 11 B are views for explaining how the 
intensity distribution of a focused spot formed on a 
recording surface changes due to coma when only 
the coma is given to the light without any defocusing 
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correction (in-focus/just focus is fixed at an objec- 
tive lens center in the absence of aberration), and 
showing what side lobe is produced beside the fo- 
cused spot when the coma is given thereto; 
FIGS. 12A and 12B are views for explaining what 5 
focused spots main beams located between a plu- 
rality of sub-beams accompanying side lobes 
caused by coma form on the recording surface of a 
medium, and showing examples of photodetection 
cells for detecting the states of these focused spots; 10 
FIG. 13 is a view for explaining the arrangement of 
an apparatus (the main part of an optical disk or re- 
cording/playback apparatus) including a means (tilt 
servo system) for suppressing the influence of the 
warpage (the radial tilt in the radial direction of the « 
disk and the tangential tilt in the circumferential di- 
rection of the disk) of an information medium (opti- 
cal disk) by using a plurality of sub-beams accom- 
panying side lobes caused by coma; 
FIG. 14 is a view showing a case where each of a 20 
radial tilt servo system and tangential tilt servo is 
formed in the same manner as the thickness servo 
system shown in FIG. 7; 

FIG. 15 is a graph showing an example of the rela- 
tionship between the degree of warpage (radial tilt 25 
amount) of an information medium (optical disk) in 
the radial direction and the wobble detection signal 
amplitude or embossed pit playback signal ampli- 
tude; 

FIG. 1 6 is a graph showing an example of the rela- 30 
tionship between the degree of warpage (radial tilt 
amount) of an information medium (optical disk) in 
the radial direction and the detection signal based 
on a wobble groove difference signal or the detec- 
tion signal based on the sum signal of an embossed 35 

pit; 

FIG. 17 is a graph showing an example of the rela- 
tionship between the degree of warpage (tangential 
tilt amount) of an information medium (optical disk) 
in the circumferential direction and the wobble de- *o 
tection signal amplitude or embossed pit playback 
signal amplitude; 

FIG. 1 8 is a graph showing an example of the rela- 
tionship between the degree of warpage (tangential 
tilt amount) of an information medium (optica! disk) *5 
In the circumferential direction and the detection 
signal based on a wobble groove difference signal 
or the detection signal based on the sum signal of 
an embossed pit; 

FIG. 19 is a block diagram showing a tracking servo $° 
system, thickness servo system, focusing servo 
system, and tilt servo system which are independ- 
ent of each other and extracted from a combination 
of the arrangement in FIG. 6 and the arrangement 
in FIG. 13 or 14 (in this case, a single-sided treated 55 
hologram element 20A in FIG. 6 is replaced with 
double-sided treated hologram element 20C, and 
beam detection cells 92 to 99 in FH3. 13 or 14 are 



obliquely arranged like beam detection cells 92 to 
96 in FIG. 6); 

FIG. 20 is a view for explaining a method of inspect- 
ing the thickness irregularity amount of the trans- 
parent layer of an information medium by using a 
wavefront aberration analyzer; 
FIG. 21 is a graph showing the relationship between 
the rms value (Wcrms) of wavefront aberration 
(spherical aberration) obtained by the inspection 
method shown in FIG. 20 and thickness irregularity 
amount 5d of a medium transparent layer; 
FIG. 22 is a view for explaining an arrangement for 
extracting measurement value 950 corresponding 
to thickness irregularity amount 8d of a medium 
transparent layer from the thickness servo system 
independent of the remaining servo systems; 
FIG. 23 is a flow chart for explaining a procedure 
for nondestructive^ inspecting the thickness irreg- 
ularity of the transparent layer of an inspection tar- 
get disk by using thickness irregularity measure- 
ment value 950 in FIG. 22 and performing defective/ 
non-defective decision on the thickness irregularity 
of the transparent layer of the target disk; 
FIG. 24 is a flow chart for explaining a procedure 
for nondestructive^ inspecting the thickness irreg- 
ularity of the transparent layer of an inspection tar- 
get disk by using the thickness irregularity inspec- 
tion method in FIG. 20 and performing defective/ 
non-defective decision on the thickness irregularity 
of the transparent layer of the target disk; 
FIG. 25 is a flow chart for explaining a procedure 
for nondestructive^ inspecting the thickness irreg- 
ularity of the transparent layer of an inspection tar- 
get disk from a residual deviation value (data cor- 
responding to spherical aberration) in the thickness 
servo system in FIG. 19, and also n on destructively 
inspecting the warpage state of a target disk from 
the detection signal (data corresponding to coma) 
in the tilt servo system in FIG. 19; 
FIG. 26 is a view for explaining a transparent layer 
thickness irregularity allowable range (example 1) 
that is set when a transparent layer protecting the 
recording layer of a single-sided single-layer infor- 
mation medium is made of a material (polycar- 
bonate, acrylic, a carton : or the like) whose refrac- 
tive index falls within the range of 1 .47 to 1.67; 
FIG. 27 is a view for explaining a transparent layer 
thickness irregularity allowable range (example 2) 
that is set when a transparent layer protecting the 
recording layer of a single-sided single-layer infor- 
mation medium is made of a material (polycar- 
bonate or the like) whose refractive index falls within 
the range of 1.57 to 1.67; 

FIG. 28 is a view for explaining a transparent layer 
thickness irregularity allowable range (example 3) 
that is set when a transparent layer protecting the 
recording layer of a single-sided single-layer infor- 
mation medium is made of a material whose ref rac- 
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tive index fails within the range of 1 .42 to 1 .72; 
FIG. 29 is a view for explaining a transparent layer 
thickness irregularity allowable range (example 4) 
that is set when a transparent layer protecting the 
recording layer of a single-sided dual-layer informa- 5 
tion medium is made of a material (polycarbonate, 
acrylic, a carton, or the like) whose refractive index 
falls within the range of 1 .47 to 1 .67; 
FIG. 30 is a view for explaining a transparent layer 
thickness irregularity allowable range (example 5) 10 
that is set when a transparent layer protecting the 
recording layer of a single-sided dual-layer informa- 
tion medium is made of a material (polycarbonate) 
whose refractive index falls within the range of 1 .57 
to 1 .67; and 

FIG. 31 is a view for explaining a transparent layer 
thickness irregularity allowable range (example 6) 
that is set when a transparent layer protecting the 
recording layer of a single-sided dual-layer informa- 
tion medium is made of a material whose refractive 20 
index falls within the range of 1 .42 to 1 .72. 

[0100] An information playback apparatus (read-only 
optical disk drive or optical disk player) for playing back 
information recorded on an information medium (optical 25 
disk) by using focused light (laser beam) or an informa- 
tion recording/playback apparatus (readable/writable 
optical disk driver or optical disk recorder) for recording/ 
playing back information on/from an information medi- 
um generally has, for example, the following functions: so 

(a) the focus correction function (focusing servo) of 
matching a reflecting or recording layer position of 
an information medium to the focusing point posi- 
tion of focused light; 35 

(b) the track deviation correction function (tracking 
servo) of making focused light trace tracks concen- 
trically or spirally (helically) formed on the reflecting 
or recording layer of an information medium; and 

(c) the tilt correction function (tilt servo) of making *o 
correction for the tilt of the reflecting or recording 
layer of an information medium which is caused by 
warpage of the medium. 

[01 01 ] The above correction functions (servo mecha- *s 
nisms) are configured to optically detect deviations from 
ideal values, e.g. , a defocus amount and track deviation 
amount and make corrections to them. Even if such a 
correction function (servo mechanism) is activated, the 
ideal state cannot be restored perfectly by correcting a so 
deviation. A deviation amount (e.g., a defocus amount 
or track diaphragm amount after servo control) from an 
ideal state after the activation of this correction function 
(servo mechanism) is called a "residual deviation". 
[0102] As for the correction functions (servo mecha- 55 
nisms) (a) to (c) described above, specific values to be 
set as "residual deviation amounts required for the sta- 
ble operation of the servo systems" are empirically 
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known after much trial and error in the past. 
[0103] The track deviation correction function (track- 
ing servo) (b) will be further described below. 
[0104] An information medium (optical disk) loaded 
into an information playback apparatus (optical disk 
player) for playing back information by using focused 
light or an information recording/playback apparatus 
(optical disk recorder) for recording/playing back infor- 
mation has concentric or spiral (helical) tracks and is 
configured to have information recorded along the 
tracks in advance or allow information to be recorded 
along the tracks. 

[0105] According to a playback-only information me- 
dium (e.g., a DVD-ROM) designed only for playback of 
information recorded in advance, the information is 
played back by using changes in the amount of focused 
light reflected when It passes through a pit array having 
a minute uneven pattern along a track. 
[01 06] In an information medium capable of recording 
or rewriting information (DVD-R, DVD-RW, DVD-RAM, 
or the like), continuous grooves (pre-grooves) are 
formed along tracks in advance. This information medi- 
um is configured to record information by moving fo- 
cused light along a continuous groove (pre-groove) or 
a region (land) between adjacent continuous grooves. 
[0107] The above continuous groove (pre-groove) 
slightly wobbles, and a reference clock signal in infor- 
mation recording operation is extracted or the rotational 
speed of the information medium is detected by using a 
wobble signal from this wobbling pre-groove or land. 
[01 08] To detect the position offset (track deviation) of 
focused light from a pre-groove or land center, a push- 
pull method is often used 2 which detects the diffraction 
pattern produced when focused light is diffracted by a 
pre-groove or land portion. In the push-pull method, 
however, when an information medium tilts due to warp- 
age, an offset occurs in a track deviation detection sig- 
nal. 

[0109] To solve this problem, a DPP (Differential 
Push-Pull) method has been proposed. According to the 
DPP method, a plurality of focused light beams (three 
laser beams) are applied onto the recording surface of 
an information medium such that while the main beam 
at the middle exists on a pre-groove (or land), the left 
and right sub-beams are applied onto lands (or pre- 
grooves), and the offset amount is canceled by taking 
the differences between a push-pull signal obtained 
from the main beam and push-pull signals obtained from 
the respective sub-beams. 

[0110] If the distance between adjacent tracks (track 
pitch) is reduced to increase the density of an informa- 
tion medium, a crosstalk phenomenon occurs, in which 
focused light simultaneously senses pit signals existing 
on adjacent tracks in playback operation, resulting in a 
deterioration in a playback signal. 
[0111] As a method of eliminating the influences of 
such crosstalk from adjacent tracks, a processing meth- 
od called a CTC (CrossTalk Canceller) method has been 
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proposed. In the CTC method, a plurality of focused light 
beams (three laser beams) are applied onto the record- 
ing surface of an information medium such that while 
the main beam at the middle position exists on a track 
center, the left and right sub-beams are applied onto the 
left and right adjacent tracks, and crosstalk components 
contained in a detection signal from the main beam are 
canceled out by detection signals from the left and right 
sub-beams. 

[01 1 2] If dust adheres to the recording surface of the 
information medium or the surface is damaged, it be- 
comes difficult to play back or record/play back informa- 
tion. Forthis reason, a transparent layer such asatrans- 
parent substrate or transparent protective layer is 
formed on the recording surface of the information me- 
dium which opposes an objective lens for focusing light. 
If, however, "thickness irregularity" occurs, i.e., the 
thickness of this transparent layer (the distance from the 
transparent layer surface opposing the objective lens to 
the recording layer) deviates from an ideal thickness val- 
ue (a design median value in the manufacture of media), 
spherical aberration occurs in focused light on the re- 
cording surface. If the information medium tilts due to 
warpage or the like, coma occurs in focused light on the 
recording surface owing to the influence of this trans- 
parent layer. When either of the aberrations, the spher- 
ical aberration and coma, occurs, the spot size of fo- 
cused light on the recording surface increases, resulting 
in a deterioration in a playback signal from the informa- 
tion medium or instability in recording on the information 
medium. 

[01 13] The spot size of focused light applied onto the 
recording surface of an inlormation medium is propor- 
tional to the wavelength and inversely proportional to the 
NA (Numerical Aperture) value representing the aper- 
ture angle of an objective lens for making light converge. 
Therefore, to reduce the spot size of focused light so as 
to increase the recording density of an information me- 
dium, the NA value of the objective lens must be in- 
creased. However, the possibility of occurrence (occur- 
rence possibility) of the coma described above is pro- 
portional to the third power of the N A value, and the oc- 
currence possibility of the spherical aberration de- 
scribed above is proportional to the fourth power of the 
NA value. If, therefore, the NA value is increased to at- 
tain a higher density, a large coma/spherical aberration 
tends to occur with a slight change in the characteristics 
of the information medium (a change in the thickness of 
the transparent layer and/or a change in parallelism with 
respect to the objective lens). 

[0114] To solve this problem, a thickness irregularity 
correction {spherical aberration correction) mechanism/ 
control system for the protective layer (transparent sub- 
strate or transparent layer) of an information medium or 
a tilt correction (coma correction) mechanism/control 
system for an information medium is required. 
[0115] As described above, demands have also aris- 
en for stable track deviation detection by the differential 



push-pull (DPP) method and an improvement in the re- 
liability of a playback signal by the crosstalk canceller 
(CTC) method. 
. [0116] As for an information medium, an existing 
5 DVD-ROM disk is standardized as a "single-sided dual- 
layer disk" with the aim of increasing the recording ca- 
pacity in single-sided playback. According to this infor- 
mation medium, two reflecting layers are stacked on one 
surface of a substrate with a given spacing therebe- 
w tween. In playing back this "single-sided dual-layer 
disk", the focusing position of playback light is moved in 
accordance with the upper and lower reflecting layer po- 
sitions to selectively play back information from the two 
reflecting layers. The distance between the layers is 
15 standardized to a predetermined distance to reduce in- 
terlayer crosstalk in playback (a phenomenon in which 
while information is played back from one reflecting lay- 
er, light reflected by the other reflecting layer leaks into 
the pholodetector; this interlayer crosstalk also de- 
20 grades a playback signal). 

[0117] Recently, a technique has been developed, 
which can increase the recording capacity of a record- 
able/ playable information medium in recording/play- 
back operation from a single surface by stacking two re- 
25 cording layers on the medium. 

[0118] An optical information processing system us- 
ing optical aberrations and an information medium hav- 
ing a recording layer protected by a transparent layer 
with thickness irregularity according to an embodiment 
30 of the present invention will be described below with ref- 
erence to the views of the accompanying drawing. 
[0119] In general, although ideal image formation can 
be attained nearthe central axis (optical axis) of a lens, 
ideal image formation cannot be attained from the view- 
35 point of the lens as a whole. Deviations from this ideal 
image formation are called aberrations. The aberrations 
(optical aberrations) include spherical aberration, coma, 
astigmatism, curvature of field, distortion, chromatic ab- 
erration, and the like. Of these aberrations, several em- 
40 bodiments of the present invention mainly use spherical 
aberration (wave aberration) and/or coma. 
[0120] FIGS. 1A to 1D are views for explaining the 
spherical aberration of a convex lens, and a spherical 
aberration correction mechanism (in the absence of a 
45 transparent layer on the focusing surface) formed by a 
combination of concave and convex lenses. 
[0121] If an ideal convex lens without any spherical 
aberration is used as a focusing optical system, light 
beams emerging from single point a are ideally focused 
50 by the stigmatic convex lens, and all the focused light 
beams gather at single focusing point p, as shown in 
FIG. 1 A. Consider a case where such a stigmatic convex 
lens is formed by a convex lens having two kinds of 
curved surfaces, as shown in FIG; 1 A. 
55 [0122] If the convex lens in FIG. 1 A is reversed with 
respect to incident light from light source a, this lens 
stops functioning as a stigmatic lens. In this case, the 
angle of light emerging from a peripheral portion of the 
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lens toward the focusing point is larger than that in FIG. 
1 A, and spherical aberration occurs in the convex lens, 
as shown in FIG. 1 B. With such aberration, even if light 
beams passing through the center of the convex lens 
are focused at focusing point p, the focusing points of 
light beams passing through peripheral portions of the 
convex lens deviate from focusing point p toward the 
front (lens side). The degree of deviation of such a fo- 
cusing point increases as light passing through the con- 
vex lens moves away the lens center(i.e., movestoward 
the lens periphery). 

[01 23] Assume that spherical aberration occurs in the 
convex lens as shown in FIG. 1B. In this case, even if 
light beams passing through the lens center are adjust- 
ed to be focused at target focusing point p, the focused 
spot size on the focusing surface including focusing 
point p is greatly increased by light beams from lens pe- 
ripheral portions, whose focusing points deviate from 
the target poinl. In this case, a small focused spot cannot 
be obtained on the focusing surface, and the luminous 
intensity (luminance) of the focused spot per unit area 
decreases. From the viewpoint of the focusing surface 
position of light from the convex lens periphery, the fo- 
cusing point of light from the lens center shifts, resulting 
in an increase in the focused spot size on the focusing 
surface position as well. 

[0124] In the case shown in FIG. 1B, the position of 
the occurrence of spherical aberration of the convex 
lens (the position where the focusing point of light from 
the convex lens periphery deviates) is located closer to 
the lens than the focusing surface including focusing 
point p. Such position of the occurrence of spherical ab- 
erration can be changed by changing the state of light 
incident on the convex lens, 

[0125] As shown in FIG. 1 C, a concave lens is placed 
closer to the light source side than the convex lens, and 
collimated light is applied onto the concave lens. Diver- 
gent light then emerges from the concave lens toward 
the convex lens. When the optical system has such an 
arrangement, divergent light, which looks as if it 
emerged from point light source a, strikes the convex 
lens. In this case, even if the convex lens in FIG. 1C is 
a stigmatic lens like the one shown in FIG, 1A, when 
divergent light from the peripheral side of the concave 
lens to the peripheral side of the convex lens diverges 
more than in the state shown in FIG. 1A, the angle of 
light emerging from a peripheral portion of the convex 
lens toward a focusing point becomes smaller than in 
the case shown in FIG. 1 A. As a consequence, spherical 
aberration is caused by the concave lens. 
[0126] As shown in FIG. 1C, the position of the occur- 
rence of spherical aberration of the concave lens (the 
position where the focusing point of light from the lens 
periphery deviates) is located farther from the convex 
lens side than thefocusing surface. That is, with the con- 
cave lens, the spherical aberration of the concave lens 
occurs in the opposite direction to the spherical aberra- 
tion of the convex lens. When such spherical aberration 



of the concave lens (if the spherical aberration of the 
convex lens also exists, the spherical aberration of the 
concave lens is stronger than that of the convex lens) 
occurs, even if light beams passing through the lens 

5 center are adjusted to be focused at focusing point p, 
the focused spot size on the focusing surface including 
focusing point p is greatly increased by light beams from 
the lens periphery which deviate from focusing point p. 
In this case, a small focused spot cannot be obtained 

10 on the focusing surface, and the luminous intensity (lu- 
minance) of the focused spot per unit area decreases. 
[01 27] As described above, if spherical aberration like 
the one shown in FIG. 1 B or 1 C occurs, a small focused 
spot cannot be obtained on a specific focusing surface 

15 no matter how focusing point p (in-focus point) is adjust- 
ed. As the focused spot size increases, the luminous 
intensity (luminance) of a focused spot per unit area de- 
creases. 

[0126] If the focused spot size cannot be reduced, in- 

20 formation pits cannot be recorded at a high density. In 
addition, crosstalk between adjacent tracks, which are 
arranged at small intervals and include densely record- 
ed information bit arrays, increases, resulting in difficulty 
in accurately reading pits. Furthermore, as the luminous 

25 intensity (luminance) of a focused spot per unit area de- 
creases, a laser diode having higher power is tequired 
to write information bits in the information medium. 
Moreover, as the luminous intensity (luminance) of a fo- 
cused spot per unit area decreases, the sensitivity of the 

30 photodetector used in information playback operation 
and the corresponding signal-to-noise ratio must be in- 
creased. Under the circumstances, the amount of 
spherical aberration caused in the optical system as a 
whole must be minimized (ideally to zero). 

35 [0129] The position of the occurrence of spherical ab- 
erration of a concave lens (the focal point of light from 
the lens periphery deviating far from the focusing sur- 
face) like the one shown in FIG. 1C can be changed by 
changing the divergence of divergent light emerging 

40 from the concave lens and striking the convex lens. 
[0130] As shown in FIG. 1D, as the degree of diver- 
gence of divergent light incident on the convex lens is 
reduced by separating the concave lens from the con- 
vex lens, the angle of light emerging from a peripheral 

45 portion of the convex lens toward the focusing surface 
becomes larger than that in the case shown in FIG. 1 C. 
The resultant slate is equivalent to a state without aber- 
ration (FIG. 1 A). As the degree of divergence of diver- 
gent light incident on the convex lens is reduced more 

50 by further separating the concave lens from the convex 
lens, the angle of light emerging from a peripheral por- 
tion of the convex lens toward the focusing surface be- 
comes larger than that in the case shown in FIG. 1 D. As 
a consequence, an aberration (spherical aberration of 

55 the convex lens) like the one shown in FIG. 1 B occurs. 
[0131] By combining the concave and convex lenses 
having spherical aberrations with opposite polarities as 
shown in FIGS. 1C and 1D and properly adjusting the 
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distance between the concave and convex lenses, 
spherical aberration of the concave or convex lens can 
be arbitrarily caused, in addition, a stigmatic state like 
that shown in FIG. 1D can be produced, in which the 
spherical aberration of theconcave lens cancels out the 
spherical aberration of the convex lens. 
[0132] The following is clear from FIGS. 1A to 1D. 
Even if an optical aberration (mainly caused when the 
focusing point of light from the lens periphery deviates) 
occurs for some reasons between the focusing surface 
and the light source (more specifically, the focusing 
point and the optical system opposing the focusing 
point) can be canceled out (or suppressed or corrected) 
by adjusting the relative position of the concave lens 
which is combined with the convex lens to correct spher- 
ical aberration (or adjusting the divergence of divergent 
light applied onto the convex lens). A high-luminance 
focused spot whose size is minimized on the focusing 
surface can be obtained by adjusting the focus of the 
objective lens to the best focus (in-focus point) under 
the "stigmatic state" produced by this cancellation of the 
aberrations. 

[0133] One of "some reasons" that cause an optical 
aberration is that a transparent layer having a refractive 
index differentf rom that of air in which the optical system 
is placed exists between the focusing surface and the 
objective lens, and the thickness and/or refractive index 
n of the transparent layer vary (when the transparent 
layer has thickness irregularity and/or refractive index 
irregularity). 

[0134] FIGS. 2A to 2C are views for explaining a 
mechanism for the occurrence of an optical aberration 
(spherical aberration) due to the thickness irregularity 
(and/or refractive index irregularity) of the transparent 
layer formed on the recording layer of the information 
medium (optical disk). 

[0135] In the case shown in FIGS. 2A to 2C, a trans- 
parent layer having a predetermined reference thick- 
ness (e.g., 0.1 mm) which is made of a material having 
a refractive index n different from that of air (refractive 
index: 1 ) is formed on the surface of the recording layer 
corresponding to a focusing surface. Light from the light 
source is focused on the recording layer by the convex 
lens (objective lens) through this transparent layer. 
[0136] FIG. 2A shows an example of how all light 
beams from the light source are focused at focusing 
point p on the surface of the recording layer, i.e., the 
best locus (in-focus point), without any aberration when 
the transparent layer has no thickness irregularity or re- 
fractive index irregularity. 

[0137] If only the thickness of the transparent layer 
varies in the direction in which it becomes smaller than 
a reference thickness (e.g., 0.1 mm) in the state shown 
in FIG. 2A, an aberration occurs, in which the focusing 
points vary toward the objective lens side (similar to the 
spherical aberration of the convex lens in FIG. 1B), as 
shown in F1G.2B. If only the refractive index ofthe trans- 
parent layer varies in the direction in which it becomes 



lower than a reference level (e.g., 1.62) in the state 
shown in FIG. 2A, an aberration like that shown in FIG. 
2B also occurs. 

[0138] In contrast to this, if only the thickness of the 
5 transparent layer varies in the direction in which it be- 
comes larger than the reference thickness (0.1 mm) in 
the state shown in FIG. 2A : an aberration occurs, in 
which the focusing points vary toward the interior of the 
recording layer, as shown in FIG. 2C. If only the refrac- 
10 tive index of the transparent layer varies in the direction 
in which it becomes higher than the reference level 
(1 .62) in the state shown in FIG. 2A, an aberration like 
that shown in FIG. 2C occurs. 

[0139] As is obvious from comparisons between 
15 FIGS. 2A and 1 A, FIGS. 2B and 1 B, and FIGS. 2C and 
1C, if there is a factor that causes an optical aberration 
(spherical aberration) (the thickness irregularity and/or 
refractive index Irregularity of the transparent layer or 
the like) between the objective lens and the focusing 
20 surface (recording layer), the resultant state amounts to 
a state where spherical aberration (of the convex or con- 
cave lens) is caused in the optical system including the 
objective lens. This indicates that the influence of spher- 
ical aberration due to the thickness irregularity and/or 
25 refractive index irregularity of the transparent layer can 
be eliminated by the same method as described with 
reference to FIGS. 1C and 1D (the method of properly 
adjusting the relative distance between the concave 
lens and the convex lens). 
30 [01 40] If the thickness of the transparent layer varies 
in the direction in which it becomes smaller than the ref- 
erence thickness as shown in FIG. 2B (or the refractive 
index of the transparent layer varies in the direction in 
which it becomes lower than the reference level), and 
35 an aberration similar to spherical aberration of the con- 
vex lens like that shown in FIG. 1 B occurs, the concave 
lens is brought near to the convex lens on the optical 
system side to increase the divergence of divergent light 
incident on the convex lens periphery (i.e., cause the 
40 spherical aberration of the concave lens), as shown in 
FIG. 1C. This makes it possible to cancel out the aber- 
ration (variations in focusing points toward the lens side) 
like that shown in FIG. 2B and correct this state into a 
stigmatic state like that shown in FIG. 2A. 
45 [0141] In contrast to this, if the thickness of the trans- 
parent layer varies in the direction in which it becomes 
larger than the reference thickness (or the refractive in- 
dex of the transparent layer varies in the direction in 
which it becomes higher than the reference level) as 
so shown in FIG. 2C, and an aberration similarto the spher- 
ical aberration of the concave lens like that shown in 
FIG. 1C occurs, the concave lens is moved away from 
the convex lens on the optical system side to reduce the 
divergence of divergent light incident on the convex lens 
55 periphery (i.e., cause the spherical aberration of the 
convex lens). This makes it possible to cancel out the 
aberration (variations in the focusing points into the re- 
cording layer) like that shown in FIG. 2C and correct this 
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state into a stigmatic state like that shown in FIG. 2A. 
[0142] Assume that the focus of the convex lens (ob- 
jective lens) is fixed (i.e., no defocusing adjustment is 
performed), and spherical aberration is corrected by ad- 
justing the relative distance between the concave lens 
and the convex lens (i.e., changing the divergence of 
divergent light incident on the convex lens). In this case, 
the in-focus point of the convex lens (objective lens) rel- 
ative to the focusing surface (the surface of the record- 
ing layer) also changes to cause defocusing. The aber- 
ration correction optical system, including measures 
against such defocusing, will be further described be- 
low. 

[0143] FIGS. 3A to 3C are views for explaining how 
the occurrence of an optical aberration (spherical aber- 
ration) can be adjusted according to the relative posi- 
tional relationship between a thickness irregularity cor- 
rection concave lens, a thickness irregularity correction 
convex lens, and an objective lens (in this case, an il- 
lustration of the transparent layer in FIGS. 2A to 2C is 
omitted). 

[0144] FIG. 3A shows an example of how collimated 
light is converted into divergent light by the concave 
lens, the divergent light is focused by the convex lens, 
the focused light (parallel light) is incident on the entire 
pupil of the objective lens, and the entire light incident 
on the objective lens is focused to focal point f on the 
focusing surface (recording layer) (without spherical ab- 
erration). According 1o this illustration, an "in-focus state 
(without defocusing) having no aberration 0 is assumed, 
in which the transparent layer has no thickness irregu- 
larity (and/or refractive index irregularity) like that shown 
in FIGS. 2A to 2C, and all light beams concentrate on 
focal point f on the focusing surface when the light 
beams incident on the objective lens are parallel. In this 
state, the aberration correction amount is zero. 
[01 45] FIG. 3 A shows a case where in the optical sys- 
tem including the transparent layer (not shown), when 
light incident on the objective lens is parallel, the light is 
focused at focal point f. In the optical system which is 
adjusted such that when light incident on the objective 
lens is parallel, the light is focused at focal point f, when 
light incident on the objective lens is not parallel, the in- 
focus point of this optical system deviates from in-focus 
position f in the case of parallel incident light. The man- 
ner In which the occurrence of an optical aberration 
(spherical aberration) is adjusted will be described be- 
low, in consideration of such a deviation (5). 
[0146] Assume that the thickness of the transparent 
layer varies in the direction it becomes larger than the 
reference thickness as shown in FIG. 2C. In this case, 
an aberration occurs on the rear side with respect to the 
focusing surface including focal point f (in the direction 
to separate from the objective lens). The occurrence of 
such an aberration can be suppressed by a method like 
that shown in FIG.3B. As shown in FIG.3B, parallel light 
incident on the periphery of the right concave lens is 
changed toward focused light by changing the relative 



positional relationship between the left concave lens 
and the middle concave lens. As a consequence, the 
light beams from the objective lens periphery are fo- 
cused before the focusing surface (toward the objective 

5 lens). With this operation, the occurrence of the aberra- 
tion like that shown in FIG. 2C (the state where light 
beams from the objective lens periphery are focused on 
the rear side with respect to the focusing surface) is can- 
celed out by the thickness correction operation of the 

10 optical system like that shown in FIG. 3B (changing light 
incident on the objective lens periphery toward focused 
light). 

[01 47] This state amounts to an aberration correction 
amount required to correct spherical aberration caused 

15 when the thickness of the transparent layer varies in the 
direction in which it increases. FIG. 3B schematically 
shows an example of how the substantial in-focus point 
of the optical system deviates from focal point f in the 
case of no aberration correction amount toward the ob- 

20 jective lens by distance 8 in accordance with this aber- 
ration correction amount (the change of light incident on 
the objective lens periphery toward focused light). 
[0148] Assume that the thickness of the transparent 
layer varies in the direction in which it becomes smaller 

25 than the reference thickness as shown in FIG. 2B. In 
this case, the influence of an aberration is produced be- 
fore the focusing surface (toward the objective lens). In 
this case, the focal position of light from the objective 
lens periphery is located before the focal position of light 

30 from the objective lens center. The influence of this ab- 
erration can be suppressed by a method like that shown 
in FIG. 3C. As shown in FIG. 3C, parallel light incident 
on the periphery of the right concave lens is changed 
toward divergent light by changing the relative positional 

35 relationship between the left concave lens and the mid- 
dle concave lens. As a consequence, light beams from 
the objective lens periphery are focused on the rear side 
with respect to the focusing surface (away from the ob- 
ject lens). With this operation, the influence of an aber- 

40 ration (in which light beams from the objective lens pe- 
riphery are focused before the focusing surface) like that 
shown in FIG. 2B is canceled out by the thickness cor- 
rection operation of the optical system (changing light 
incident on the objective lens periphery toward diver- 
ts gent light) like that shown in FIG. 3C. 

[0149] This state amounts to an aberration correction 
amount required to correct spherical aberration caused 
when the thickness of the transparent layer varies in the 
direction in which it decreases. FIG. 3C schematically 

50 shows an example of how the substantial in-focus point 
of the optical system deviates from focal point f in the 
. case of no aberration correction amount in the direction 
to separate from the objective lens by distance 5 in ac- 
cordance with this aberration correction amount (the 

55 change of light incident on the objective lens periphery 
toward divergent light). 

[0150] The following is clear from FIGS. 3A to 3C. The 
transparent layer thickness irregularity correction opti- 
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cal system constituted by a plurality of lenses, described 
with reference to FIGS. 3A to 3C, can be regarded as 
an optical system unit (its contents are regarded as a 
black box) having the function of arbitrarily controlling 
spherical aberration. If, however, spherical aberration 
due to transparent layer thickness irregularity like that 
shown in each of FIGS. 2B and 2C is corrected by an 
optical system unit like the one shown in FIGS. 3A to 
3C, focal point f of the optical system unit deviates. 
[0151] Underthe circumstances, it is required to cor- 
rect the deviation of focal point f of the optical system 
as well as spherical aberration caused by the thickness 
irregularity of the transparent layer. To meet this require- 
ment, the occurrence of spherical aberration and the oc- 
currence of a focal point deviation must be detected by 
different methods. These methods will be described in 
detail later with reference to FIGS. 6 to 8C. A problem 
in the optical system in FIGS. 3A to 3C (detection of 
spherical aberration and detection of a focal point devi- 
ation influence each other) will be described first. 
[0152] FIGS. 4A to 4C show an example of how light 
beams reflected by the recording surface and having 
passed through optical system unit 70 behave when 
spherical aberration (or a focus deviation) is caused by 
the thickness irregularity of the transparent layer formed 
on the recording layer in a case where the thickness ir- 
regularity correction concave lens, thickness irregularity 
correction convex lens, and objective lens shown in 
FIGS. 3A to 3C are integrated into a black box serving 
as optical system unit 70. In the arrangement shown in 
FIGS. 4A to 4C, a light source and defocusing detection 
optical system (photo detector) (neither is shown) are 
placed on the opposite side of thickness irregularity cor- 
rection optical system unit 70 to the information medium 
(optical disk whose recording layer is protected by a 
transparent layer). 

[0153] As shown in FIGS. 3Ato3C, when the distance 
between the thickness irregularity convex lens and con- 
cave lens is changed, the state of light incident on the 
objective lens changes to divergent light/parallel light/ 
focused light. As the state of light incident on the objec- 
tive lens changes to divergent light/parallel lighVfocused 

light in this manner, the distance from focusing position 
p, at which light is focused by the objective lens in optical 
system unit 70 in FIGS. 4A to 4C, and the objective lens 
changes in accordance with the distance between the 
thickness irregularity correction convex lens and con- 
cave lens. For this reason, when thickness irregularity 
correction (spherical aberration correction) is per- 
formed, focusing position p also changes. This tends to 
influence focusing servo. A description will be given fur- 
ther with reference to FIGS. 4A to 4C in consideration 
of this point. 

[0154] FIG. 4A shows an example of the relationship 
between input light to and output light from optical sys- 
tem unit 70 in an in-focus state when the medium trans- 
parent layer has no thickness irregularity and refractive 
index irregularity. When parallel light is incident from the 



light source <not shown) onto optical system unit 70 in 
FIG. 4A, all light beams from optical system unit 70 are 
focused at focusing point p on the optical axis. The light 
reflected at focusing point p is collimated by optical sys- 
5 tern unit 70 and output to the photodetector (not shown) 
(e.g., photodetector 90A in FIG. 6 (to be described lat- 
er)). 

[0155] FIG. 4B shows an example of the relationship 
between input light to and output light from optical sys- 

10 tern unit 70 when an aberration (or a focus deviation) is 
caused by thickness irregularity (and/or refractive index 
irregularity in the increasing direction) caused in the me- 
dium transparent layer in the increasing direction. When 
parallel light is incident from the light source (not shown) 

is onto optical system unit 70 in FIG. 4B, light from the ob- 
jective lens periphery in optical system unit 70 propa- 
gates toward focusing point p whose position has devi- 
ated to the rear side due to the influence of the aberra- 
tion (or focus deviation). Since focusing point p is locat- 

20 ed on the rear side with respect to the recording layer, 
light from the objective lens periphery in optical system 
unit 70 is reflected by the surface of the recording layer 
which is shifted from the optical axis before it reaches 
focusing point p. The light reflected by the surface of the 

25 recording layer and shifted from the optical axis be- 
comes divergent light through optical system unit 70 and 
is output to the photodetector (not shown). 
[0156] FIG. 4C shows an example of the relationship 
between input light to and output light from optical sys- 

30 tern unit 70 when an aberration (or focus deviation) is 
caused by thickness irregularity (and/or refractive index 
irregularity in the decreasing direction) caused in the 
medium transparent layer in the decreasing direction. 
When parallel light is incident from the light source (not 

35 shown) onto optical system unit 70 in FIG. 4C, light from 
the objective lens periphery in optical system unit 70 
propagates toward focusing point p whose position has 
deviated to the front side due to the influence of the ab- 
erration (or focus deviation). Since focusing point p is 
40 located on the front side with respect to the recording 
layer, light from the objective lens periphery in optical 
system unit 70 is reflected by the surface of the record- 
ing layer which is shifted from the optical axis after it 
passes through focusing point p. The light reflected by 
45 the surface of the recording layer and shifted from the 
optical axis becomes focused light through optical sys- 
tem unit 70 and is output to the photodetector (not 
shown). 

[0157] The following is clear from FIGS. 4A to 4C. 

50 When the transparent layer has no thickness irregularity 
(or focus deviation), parallel reflected light like that 
shown in FIG. 4A is output from optical system unit 70. 
If, however, the transparent layer has thickness irregu- 
larity in the increasing direction (or a focus deviation oc- 

55 curs toward the rear side of the recording layer), reflect- 
ed light in the divergence direction is output from optical 
system unit 70, as shown in FIG. 4B. If the transparent 
layer has thickness irregularity in the decreasing direc- 
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tion (or a focus deviation occurs toward the lens side), 
reflected light in the convergence direction is output 
from optical system unit 70, as shown in FIG. 4C. 
[01 58] Obviously, two types of states of occurrence of 
spherical aberration (the state of occurrence of spheri- 
cal aberration in the direction in which the transparent 
layer becomes thick and the state of occurrence of 
spherical aberration in the direction in which the trans- 
parent layer becomes thin) can be separately detected 
by separately detecting the divergence and conver- 
gence states of reflected light output from optical system 
unit 70. In contrast to this, two types of focus deviation 
states (defocusing in the direction in which the focal 
point deviates to the rear side of the recording layer and 
defocusing in the direction in which the focal point devi- 
ates to the lens side) can be separately detected from 
the divergence and convergence states of reflected light 
output from optical system unit 70. Inthiscase, however, 
the state of occurrence of spherical aberration and focus 
deviation state are detected on the same principle (the 
principle based on detection of the divergence and con- 
vergence states of reflected light output from optical sys- 
tem unit 70), a servo system (thickness servo system to 
be described later) for thickness irregularity correction 
(spherical aberration correction) and focusing servo 
system mutually influence. 

[0159] In optical system unit 70 in FIG. 4, which has 
a lens structure like the one shown in FIGS. 3A to 3C, 
when thickness irregularity correction (spherical aberra- 
tion correction) is performed, focusing position p also 
changes. That is, this structure tends to influence focus- 
ing servo. To prevent this influence, the thickness servo 
system for performing thickness irregularity correction 
(spherical aberration correction) and focusing servo 
system must be devised to servo operations independ- 
ently. A specific example of implementing this will be de- 
scribed later with reference to FIG. 6 and subsequent 
drawings. 

[01 60] FIGS. 5A and 5B explain how the intensity dis- 
tribution of a focused spot formed on the recording sur- 
face (reflecting surface) changes in accordance with 
spherical aberration when the spherical aberration is 
provided without defocusing correction (in -focus/just fo- 
cus is fixed at the objective lens center in the absence 
of aberration) and show an example of how the shape 
(size/width) of a focused spot changes in accordance 
with each spherical aberration. Since FIGS. 5A and 5B 
are views schematically showing an example of how the 
intensity distribution of a focused spot changes in ac- 
cordance with the amount of spherical aberration, arbi- 
trary units (a.u) are set along the ordinate and abscissa. 
The amount of spherical aberration is expressed by a 
spherical aberration coefficient W 40 using a wavelength 
X of light in use. 

[0161] As shown in FIG. 5A, the light intensity at the 
focused spot center is maximized with spherical aber- 
ration coefficient W 40 = 0.0 X in the absence of aberra- 
tion. The light intensity at the focused spot center de- 



creases (W40 = 0.2 X -* 0.4 X^O.SX^ 0.8 X) as the 
spherical aberration increases. 

[0162] As the spherical aberration increases (W 40 = 
O.o a. -* -» 0.4 X -> -» 0.8 X), the divergence of the fo- 
,5 cused spot (the width of a halfway or bottom portion of 
a unimodal curve of light intensity in FIG. 5A; the diam- 
eter of the focused spot in FIG. 5B) increases. Since the 
divergence of this focused spot originates from a cause 
(aberration) different from defocusing that is another 
10 cause for the divergence of the focused spot, the diver- 
gence of the focused spot cannot be prevented or sup- 
pressed by only focus adjustment of the objective lens. 
The divergence of the focused spot due to defocusing, 
by contrast, cannot be prevented or suppressed by only 
15 aberration correction. 

[0163] FIGS. 5A and 5B indicate that the state of oc- 
currence of spherical aberration can be detected, while 
the focal point of a focused spot is fixed, from informa- 
tion (signal) associated with the light intensity of the fo- 
20 cused spot (the peak intensity of the unimodal curve) 
and/or the divergence of the focused spot (or the widths 
of the halfway or bottom portion of the unimodal curve), 
which in turn indicates that the state of occurrence of 
spherical aberration can be detected separately from a 
25 defocusing state. In other words, if focus adjustment 
functions without discriminating the divergence of a fo- 
cused spot due to spherical aberration from the diver- 
gence of the focused spot due to defocusing, the state 
of occurrence of spherical aberration may not be prop- 
30 erly detected. 

[01 64] To always obtain a focused spot stably focused 
to a small size on a target recording surface (reflecting 
surface) even at the occurrence of an aberration that 
irregularly varies, focus adjustment and aberration cor- 
35 rection must be performed independently and coopera- 
tively (or concurrently). That is, in order to perform 
spherical aberration correction upon detecting the state 
of occurrence of spherical aberration while performing 
defocusing correction (operating the focusing servo), 
40 the spherical aberration detection system (the thickness 
servo system and the like) must be operated independ- 
ently of the focusing servo system. 
[01 65] FIG . 6 is a view for explaining the arrangement 
of an apparatus (the main part of an optical disk drive 
45 or recording/playback apparatus) including a means 
(thickness servo system) for suppressing the influence 
of spherical aberration due to the thickness irregularity 
(and/or refractive index irregularity) of the transparent 
layer of an information medium, a means (focusing ser- 
so vo system) for minimizing defocusing on the recording 
surface of the information medium, and the like. The 
thickness servo system in this arrangement can be im- 
plemented by using the principle of spherical aberration 
detection described with reference to FIGS. 1A to 5B. 
55 The thickness servo system in the arrangement forms 
a servo loop independent of the focusing servo system. 
A significant feature of this embodiment is that the servo 
loop of the thickness servo system is formed independ- 
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ently of the servo loop of the focusing servo system in 
this manner. 

[0166] Referring to FIG. 6, laser beam LB (e.g., a blue 
laser with wavelength X= 405 nm) from laser source 10 
strikes hologram element 20A having a spherical aber- 
ration generating hologram formed on its one surface. 
Laser beam LB is wavefront-split into light beams prop- 
agating in three directions (a Oth-order light beam cor- 
responding to main beam M, a +1st-order light beam 
corresponding to sub-beam A, and a -1st-order light 
beam corresponding to sub-beam B) by spherical aber- 
ration generating hologram element 20A. 
[0167] Laser beam LB passing through hologram el- 
ement 20A (including the 0th-, +1 st-, and -1 st-order light 
beams propagating in the three directions) is sent to col- 
limator lens 40A through beam splitter 30. Collimator 
lens 40A collimates laser beam LB from laser source 1 0 
and sends It to thickness irregularity correction concave 
lens 50. Laser beam LB passing through thickness ir- 
regularity correction concave lens 50 is sent to objective 
lens 60 through thickness irregularity correction convex 
lens 52. The focused light focused by objective lens 60 
is focused on the surface of the recording layer of infor- 
mation medium (playback-only or recording/playback 
optical disk) 1 00 through Its transparent protective layer. 
[0168] In this case, numerical aperture NA of objec- 
tive lens 60 is selected from the range of, e.g., 0.6 to 
0.9, and more specifically, from the range of 0.65 to 0.85. 
For example, objective lens 60 with NA = 0.85 is used 
in this case (when the thickness reference value for the 
transparent layer of the information medium is 0.1 mm). 
[0169] Thickness irregularity correction concave lens 
50, thickness irregularity correction convex lens 52, and 
objective lens 60 correspond to the lens group shown 
in FIGS. 3A to 3C, and can be regarded as components 
constituting an optical system unit similar to optical sys- 
tem unit 70 described with reference to FIGS. 4A to 4C. 
[0170] in this optical system unit, thickness irregular- 
ity correction convex lens driving coil (and/or thickness 
irregularity correction concave lens driving coil (not 
shown)) 54 is provided for the lens group of thickness 
irregularity correction concave lens 50 and thickness ir- 
regularity correction convex lens 52, and defocusing 
correction driving coil 62 and tracking deviation correc- 
tion driving coil 64 are provided for objective lens 60. 
These correction driving coils 54, 62, and 64 constitute 
part of an actuator (voice coil motor) coupled to a cor- 
responding lens mechanism. 

[0171] By controlling the direction and amount of cur- 
rent supplied to thickness irregularity correction convex 
lens driving coil 54, therefore, the distance between 
thickness irregularity correction concave lens 50 and 
thickness irregularity correction convex lens 52 (or the 
positions of lenses 50 and 52 relative to objective lens 
60) can be arbitrarily changed. In addition, the distance 
between objective lens 60 and information medium 1 00 
(or the distance between the recording layer of the in- 
formation medium and the optical system unit formed 



by integrating lenses 50, 52, and 60) can be arbitrarily 
changed by controlling the direction and amount of cur- 
rent supplied to defocusing correction driving coil 62 
(this operation is used for focusing servo control). Fur- 
5 thermore, the relative positional relationship between 
the optical axis (focusing point) of objective lens 60 and 
a track position on the surface of the recording layer of 
information medium 100 can be arbitrarily changed by 
controlling the direction and amount of current supplied 
10 to tracking deviation correction driving coil 64 (this op- 
eration is used for tracking servo control). 
[0172] The reflected light beams of the three focused 
spots (the focused spots of main beam M, sub-beam A, 
and sub-beam B) focused on the surface of the record- 
15 jng layer of information medium 100 are returned to 
beam splitter 30 through objective lens 60, thickness ir- 
regularity correction lens group (50, 52), and collimator 
lens 40A. Reflected laser beam LB of the three focused 
spots returned to beam splitter 30 strikes photodetector 
20 90A through cylindrical lens 80 that causes astigmatism. 
Reflected laser beam LB is split into three beams on 
photodetector 90A. These beams are then applied onto 
main beam M detection four-division cell 92, sub-beam 
A detection two-division cell 94, and sub-beam B detec- 
ts tion two-division cell 96, respectively. 

[01 73] In this embodiment, the three cells (main beam 
M detection four-division cell 92, sub-beam A detection 
two-division cell 94, and sub-beam B detection two-di- 
vision cell 96) constituting photodetector 90A are tilted 
30 in accordance with three oblique focused spots focused 
on the surface of the recording layer of information me- 
dium 1 00. 

[0174] Photodetection outputs from cells a to d con- 
stituting main beam M detection four-division cell 92 are 

35 sent to playback signal detection circuit system 300, 
track deviation detection/correction control circuit sys- 
tem (tracking servo system) 400, and defocusing detec- 
tion/correction control circuit system (focusing servo 
system) 600 through preamplifiers 201 to 204. Photo- 

40 detection outputs from cells e and f constituting sub- 
beam A detection two-division cell 94 are sent to play- 
back signal detection circuit system 300, track deviation 
detection/correction control circuit system (tracking ser- 
vo system) 400, and transparent layer thickness irregu- 

45 larity (and/or refractive index irregularity) detection/cor- 
rection control system (thickness servo system) 500 for 
information medium 100 through preamplifiers 205 and 
206. Photodetection outputs from ceils g and h consti- 
tuting sub-beam B detection two-division cell 96 are sent 

so to playback signal detection circuit system 300, track de- 
viation detection/correction control circuit system (track- 
. ing servo system) 400, and transparent layer thickness 
irregularity (refractive index irregularity) detection/cor- 
rection control system (thickness servo system) 500 

55 through preamplifiers 207 and 208. 

[0175] Playback signal detection circuit system 300 is 
configured to provide a playback output corresponding 
to the contents of a recorded mark on information me- 
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dium 1 00 mainly on the basis of photodetection outputs 
from cells a to d constituting main beam M detection 
four-division cell 92. 

[0176] Track deviation detection/correction control 
circuit system (tracking servo system) 400 is configured 
to drive tracking deviation correction driving coil 64 on 
the basis of photodetection outputs from cells a to d con- 
stituting main beam M detection four-division cell 92, 
photodetection outputs from cells e and f constituting 
sub-beam A detection two-division cell 94, and photo- 
detection outputs from cells g and h constituting sub- 
beam B detection two-division cell 96, thereby allowing 
main beam M to accurately trace on a recording track 
(groove track G or land track L) of information medium 
100. 

[0177] Defocusing detection/correction control circuit 
system (focusing servo system) 600 is configured to 
drive defocusing correction driving coil 62 on the basis 
of photodetection outputs from cells a lo d constituting 
main beam M detection four-division cell 92, thereby al- 
ways brining main beam M to the best focus on the sur- 
face of the recording layer of information medium 100, 
i.e., setting main beam M in a just focus (in-focus) state 
on a recording tack of information medium 100. 
[0178] Transparent layer thickness irregularity (re- 
fractive index irregularity) detection/correction control 
circuit system (thickness servo system) 500 is config- 
ured to drives thickness irregularity correction convex 
lens driving coil (and/or thickness irregularity correction 
concave lens driving coil) 54 on the basis of photode- 
tection outputs from cells e ; f , q, and h constituting sub- 
beam A detection two-division cell 94 and sub-beam B 
detection two-division cell 96, thereby suppressing or 
eliminating a phenomenon in which the focused spot 
size of main beam M increases even if main beam M is 
controlled by focusing servo system 600 to come into 
the best focus (due to the influence of spherical aberra- 
tion originating from medium transparent layer thick- 
ness irregularity and/or refractive index irregularity). 
[01 79] If main beam M fells out of focus as a result of 
transparent layer thickness irregularity correction by the 
operation of thickness servo system 500, the focus de- 
viation (defocusing) is automatically corrected by the 
servo operation of focusing servo system 600 having a 
servo loop independent of thickness servo system 500. 
[01 80] The Oth-order light beam (the light propagating 
straight without being diffracted by spherical aberration 
generating hologram element 20A) passing through 
hologram element 20A in FIG. 6 is focused on the re- 
cording surface (reflecting or recording layer) of infor- 
mation medium 100 through the lens group (lenses 50, 
52, and 60) of the optical system unit to become main 
beam M having a small focused spot (e.g., the focused 
spot represented by = 0.0 X in FIG. 5B) to which no 
aberration is given by hologram element 20A. (Note that 
the focused spot of main beam M is influenced by aber- 
rations due to the thickness irregularity of the transpar- 
ent layer of information medium 100 and the like even 



though no aberration is given by hologram element 
20 A). 

[0181] The +1 st-order light beam diffracted by spher- 
ical aberration generating hologram element 20A is fo- 

5 cused on the recording surface of information medium 
1 00 to form sub-beam A. This sub-beam A forms a fo- 
cused spot with large spherical aberration (e.g., the fo- 
cused spot represented by = 0.4 X in FIG. 5B) owing 
to the influence of the aberration given by spherical ab- 

10 erration generating hologram element 20A. The -1 st-or- 
der light beam diffracted by spherical aberration gener- 
ating hologram element 20A is focused on the recording 
surface of information medium 1 00 to form sub-beam B. 
This sub-beam B forms a focused spot with large sp* her- 

15 jcal aberration (e.g., the focused spot represented by 
W 40 = 0.4 X in FIG. 5B) owing to the influence of the 
aberration given by spherical aberration generating 
hologram element 20A. 

[0182] In this case, spherical aberration generating 

20 hologram element 20A gives sub-beams A and B, sep- 
arately in advance, spherical aberration by which a light 
beam is focused to a position farther from objective lens 
60 than the focal point of main beam M (the surface of 
the recording layer of the information medium) and 

25 spherical aberration by which a light beam is focused to 
a position closer to objective lens 60 than the focal point. 
That is, -1 st-order sub-beam B and +1 st-order sub- 
beam A respectively form focused spots having spher- 
ical aberrations with opposite polarities. 

30 [0183] Assume that spherical aberrations with oppo- 
site polarities are given to sub-beams A and B in ad- 
vance, and spherical aberration (influencing main beam 
M, sub-beam A, and sub-beam B all) is caused by the 
thickness irregularity, of the transparent layer of the in- 

35 formation medium. In this case, even at a position where 
main beam M is in focus, the focused spot size of one 
sub-beam decreases because spherical aberrations 
cancel out each other, and the focused spot size of the 
other sub-beam increases because spherical aberra- 

40 tions are added together (see FIGS. 8A and 8C to be 
described later). 

[01 84] With a decrease in focused spot size, the am- 
plitude of a detection signal from a wobble groove of a 
recording track increases : and the amplitude of a play- 

45 back signal from a recorded mark or embossed pit in the 
form of a recess/projection also increases. That is, there 
is a correspondence between the magnitude of the size 
of a focused spot and the magnitude of the amplitude of 
a detection signal from a wobble groove and/or the mag- 

50 nitude of the amplitude of a playback signal from a re- 
corded mark or embossed pit. Therefore, whether the 
spot size of sub-beam A is smaller (or larger) than that 
of sub-beam B on the medium recording surface can be 
detected by comparing the magnitudes of the ampli- 

55 tudes of detection signals from wobble grooves and/or 
the magnitudes of the amplitudes of playback signals 
from recorded marks or embossed pits. This makes it 
possible to detect the direction of occurrence of an ab- 
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erration (whether the aberration occurs on the front side 
near the objective lens as shown in FIG. 2B or on the 
rear side away from the objective lens as shown in FIG. 
2C). 

[0185] As described above, even if spherical aberra- 
tion is caused by the thicknessirregularity of the medium 
transparent layer and/or the refractive index irregularity, 
the influence of the spherical aberration on main beam 
M (the divergence of the focused spot size of main beam 
M due to the thickness irregularity of the medium trans- 
parent layer and/or the refractive index irregularity re- 
gardless of whether the beam is in focus) can be mini- 
mized or eliminated by the servo operation of the servo 
system (thickness servo system) for equalizing the spot 
sizes of sub-beams A and B as long as the aberration 
of main beam M is adjusted to zero or a minimum value 
at the point where the spot sizes of sub-beams A and B 
become equal to each other on the recording surface of 
the medium. 

[0186] With regards to sub-beams A and B, the 
amount of spherical aberration caused can be detected 
from the magnitudes of the amplitudes of detection sig- 
nals from wobble grooves and/or the magnitudes of the 
amplitudes of playback signals from recorded marks or 
embossed pits. That is, with regards to sub-beams A 
and B, the state of occurrence of spherical aberration 
caused by the transparent layer of the information me- 
dium can be detected from the relationship between the 
magnitudes of the amplitudes of detection signals from 
wobble grooves and/or the magnitudes of the ampli- 
tudes of playback signals from recorded marks or em- 
bossed pits. 

[0187] In brief, since sub-beams A and B exhibit op- 
posite polarities in terms of spherical aberration, and the 
focused spot sizes of sub-beams A and B change in ac- 
cordance with the amounts of spherical aberrations 
caused, the state of occurrence of an aberration (the 
magnitudes of the thickness irregularity of the medium 
transparent layer and/or the refractive index irregularity 
and the increasing/decreasing direction thereof) can be 
detected from detection results on sub-beams A and B. 
[0188] Since laser beam LB incident on hologram el- 
ement 20A is not parallel light, sub-beams A and B on 
the two sides of main beam M are oblique with respect 
to the array direction of tracks (groove tracks G and land 
tracks L) of information medium 100, as shown In FIG. 
6. With oblique sub-beams A and B. information on ad- 
jacent tracks on the left and right sides of the current 
track traced by main beam M (information that can be 
used for tracking servo control, crosstalk cancellation, 
and the like) can be obtained as well as spherical aber- 
ration information (information that can be used for 
thickness servo control). 

[0189] FIG. 7 is a block diagram for explaining a spe- 
cific example of the internal arrangement of each servo 
system in FIG. 6. The contents of defocusing detection/ 
correction control circuit system (focusing servo sys- 
tem) 600, track deviation detection/correction control 



circuit system (tracking servo system) 400, medium 
transparent layer thickness irregularity (and/or refrac- 
tive index irregularity) detection/correction control sys- 
tem (thickness servo system) 500, and playback signal 
5 detection circuit system 300 will be described in detail 
below. 

Defocusing Detection/Correction Control Circuit Sys- 
tem (Focusing Servo System) 600 
[0190] Return light of main beam M to which astigma- 
10 tism is given by cylindrical lens 80 in FIG. 6 forms a 
beam spot on cells a to d constituting main beam M de- 
tection four-division cell 92. The shape of this beam spot 
changes as follows. 

[0191] When the focus of objective lens 60 is set on 

15 the surface of the recording layer of the information me- 
dium, the light-receiving surfaces of four-division cells a 
to d are located at positions where a cross-section of a 
beam from the astigmatism optical system becomes cir- 
cular. For this reason, in an in-focus state, a circular 

20 beam spot is formed on the centers of the light-receiving 
surfaces of four-division cells a to d. If, however, the fo- 
cus deviates farther from objective lens 60 than the re- 
cording layer of the medium, an elliptic beam spot is 
formed on the light-receiving surfaces of the four-divi- 

25 sion cells, which is elongated in the array direction of a 
pair of cells (e.g., cells a and c) of four-division cells a 
to d which are located in one diagonal direction. In con- 
trast to this, if the focus deviates to the front side of the 
surface of the recording layer of the medium, an elliptic 

30 beam spot is formed on the light-receiving surfaces of 
the four-division cells which is elongated in the array di- 
rection of a pair of cells (e.g., cells b and d) of four-divi- 
sion cells a to d which are located in the other diagonal 
direction. 

35 [0192] That is, a defocusing amount and direction can 
be detected by detecting a change in the shape of a 
beam spot (vertically elongated ellipse - circle - horizon- 
tally elongated ellipse) on the light-receiving surfaces of 
the four-division cells from a photodetection result from 

40 main beam M detection four-division cell 92. Focusing 
servo control can be implemented by using these pieces 
of information on the defocusing amount and direction. 
The embodiment shown in FIG. 7 has the following cir- 
cuit arrangement for implementing this focusing servo 

45 control. 

[0193] A photodetection output from cell a of main 
beam M detection four-division cell 92 in FIG. 6 is sent 
to one input terminal of each of adders 211 and 214 
through preamplifier 201 . A photodetection output from 

50 cell b of four-division cell 92 is sent to one input terminal 
of each of adders 212 and 213 through preampiifier202. 
Likewise, a photodetection output from cell c of main 
beam M detection four-division cell 92 is sent to the oth- 
er input terminal of each of adders 211 and 213 through 

55 preamplifier 203. A photodetection output from cell d of 
four-division cells 92 is sent to the other input terminal 
of each of adders 21 2 and 21 4 through preamplifier 204. 
[0194] An output from adder 211 (the sum of outputs 
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from cells a and c placed in one diagonal direction) is 
sent to the (-) input terminal of subtracter 223, and an 
output from adder 212 (the sum of outputs from cells b 
and d placed in the other diagonal direction) is sent to 
the (+) input terminal of subtracter 223. In this case, in 
an in-focus state (where a circle main beam spot is 
formed on cells a to d), the magnitude of output [(b + d) 
- (a + c)] from subtracter 223 which indicates the differ- 
ence between output (cell b + cell d) from adder 21 2 and 
output (cell a + cell c) from adder 211 is zero (or a min- 
imum value). 

[0195] If the focus deviates to a position farther from 
objective lens 60 than the surface of the recording layer 
of the medium, an elliptic beam spot elongated in the 
array direction of cells a and c is formed, output (cell a 
+ cellc) from adder 211 becomes largerthan output (cell 
b + cell d) from adder 212. As a consequence, negative 
output [-(a + c) + (b + d)] corresponding to the focus 
deviation amount is output from subtracter 223. When 
this negative output [-(a + c) + (b + d)] is supplied to 
driving current supply circuit 281 through phase com- 
pensation circuit 271 to supply a corresponding driving 
current from driving current supply circuit 281 to defo- 
cusing correction driving coil 62, the position of objective 
lens 60 is adjusted to reduce output [-(a + c) + (b + d)] 
from subtracter 223 to zero (or a minimum value). When 
output [-(a + c) + (b + d)] from subtracter 223 becomes 
zero (or a minimum value), the focus deviation farther 
from objective lens 60 than the surface of the recording 
layer of medium is corrected. 

[01 96] In contrast to this, if the focus deviates to a po- 
sition closer to objective lens 60 than the surface of the 
recording layer of the medium, an elliptic beam spot 
elongated in the array direction of cells b and d is 
formed, output (cell b + cell d) from adder 21 2 becomes 
larger than output (cell a + cell c) from adder 211 . As a 
consequence, positive output [(b + c) - (a + c)] corre- 
sponding to the focus deviation amount is output from 
subtracter 223. When positive output [(b+c) - (a+c)] is 
supplied to driving current supply circuit 281 through 
phase compensation circuit 271 to supply a correspond- 
ing driving current from driving current supply circuit 281 
to defocusing correction driving coil 62, the back-and- 
forth position of objective lens 60 is adjusted to reduce 
output [(b + c) - (a + c)] from subtracter 223 to zero (or 
a minimum value). When output [(b + c) - (a + c)] from 
subtracter 223 becomes zero (or a minimum value), the 
focus deviation nearer to objective lens 60 than the sur- 
face of the recording layer of medium is corrected. 
[0197] Focusing servo system 600 for performing 
above focus deviation correction can be formed inde- 
pendently of tracking servo system 400, thickness servo 
system 500, tilt servo system 700 (FIGS. 13 and 14), 
and the like (which will be described later). This is be- 
cause, according to the embodiment of the present in- 
vention, totally different principles can be used as the 
operation principle of focusing servo control (using 
astigmatism), the operation principle of tracking servo 



control (using the push-pull method of differential push- 
pull method), the operation principle of thickness servo 
control (using spherical aberration), and the operation 
principle of tilt servo control (using coma). Track Devia- 
5 tion Detection/Correction Control Circuit System (Track- 
ing Servo System) 400 

[0198] The return light of main beam M reflected by 
the recording layer of information medium 100 form a 
circularbeam spot on cells ato dconstituting main beam 
10 M detection four-division cell 92 in an in-focus state. The 
circular beam spot on the four-division cells has a later- 
ally symmetrical reflected light distribution when the fo- 
cused spot of main beam M is located on a groove cent- 
er or land center of the recording layer of the medium. 
15 This lateral symmetry of the reflected light distribution 
can be detected by dividing main beam M detection four- 
division cell 92 into cell a + cell d and cell b + cell c and 
detecting that the difference between outputs from the 
two-division cells (a + d and b + c) becomes zero or a 
20 minimum value. 

[0199] Output (a + d) from adder 214 is supplied to 
the (+) input terminal of subtracter 224, and output (b + 
c) from adder 21 3 is supplied to the (-) input terminal of 
subtracter 224. As a consequence, subtracter 224 otit- 
is puts the difference (tracking error signal) [(a -i- d) - (b + 
c)] between photodetection outputs obtained by splitting 
the beam spot into two parts, i.e., left and right parts, in 
the track running direction of groove G or land L. If the 
driving current to tracking deviation correction driving 
30 coil 64 is controlled to reduce this output (tracking error 
signal) to zero or minimum value, automatic control can 
be performed to move the center of the focused spot of 
main beam M onto a groove or land center of the record- 
ing layer of the medium. This automatic control will be 
35 referred to as tracking servo control based on the push- 
pull method. 

[0200] A problem in the push-pull method is that a DC 
offset tends to appear in tracking signal ([(a + d) - (b + 
c)]). When this DC offset appears, even if the tracking 

40 error signal exhibits zero, the focused beam spot is not 
located in the center of a track (groove G or land L) of 
the recording surface of the medium. Causes of this off- 
set include the optical axis deviation of objective lens 
60, the tilt (radial tilt) of medium (optical disk) 1 00 in the 

45 radial direction, the unbalanced shape of groove G or 
land L, and the like. 

[0201] The above offset should not exist in recording/ 
playback operation using information medium 100 on 
which high-density recording/playback is performed. 

50 Demands have therefore arisen for measures against 
this offset. As a means for removing this offset (or re- 
ducing it to the level at which no significant problem aris- 
es), tracking deviation correction using the differential 
push-pull (DPP) method is available. In the arrangement 

55 shown in FIG. 7, part of a differential push-pull signal 
(DPP signal) used in this DPP method can be extracted 
from thickness servo system 500 (the detailed circuit ar- 
rangement of thickness servo system 500 will be de- 
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scribed in detail later). 

[0202] Tracking error signal ([(a + d) - (b + c)]) from 
subtracter 224 is input to adder 216. Adder 216 further 
receives output [(e - f) x A1] obtained by inverting/am- 
plifying a detection output based on sub-beam A (output 
f-e from subtracter 221) using inverting amplifier 231 
having predetermined amplification factor (-A1 ) and out- 
put [(g - h) x A2] obtained by inverting/amplifying a pho- 
todetection output based on sub-beam B (output h-g 
from subtracter 222) using inverting amplifier 232 hav- 
ing predetermined amplification factor (-A2). 
[0203] As for the oblique arrangement of sub-beams 
A and B in FIG. 6, output [(e - f) x A1) from inverting 
amplifier 231 can be used to cancel out the offset on the 
right side of main beam M in FIG. 6, and output [(g - h) 
x A2) from inverting amplifier 232 can be used to cancel 
out the offset on the left side of main beam M in FIG. 6. 
These cancellation amounts can be arbitrarily adjusted 
by magnitude A1 of the amplification factor 231 and/or 
magnitude A2 of the amplification factor of inverting am- 
plifier 232. 

[0204] The tracking error signal, in which the offsets 
were canceled out in this manner, is supplied from adder 
216 to driving current supply circuit 282 through phase 
compensation circuit 272. When driving current supply 
circuit 282 supplies a corresponding driving current to 
tracking deviation correction driving coil 64, the lateral 
position of objective lens 60 is adjusted to reduce output 
([(a + d) - (b + c)] + [(e-f)xA1] + [(g - h) x A2]) from 
adder 21 6 to zero (or a minimum value). When the out- 
put from adder 21 6 becomes zero (or a minimum value), 
the positional shift (i.e., the tracking deviation) between 
the center of the focused spot of main beam M on the 
recording layer of the medium and a groove or land cent- 
er of the recording layer of the medium is corrected. 
[0205] The above tracking deviation correction meth- 
od can also be applied to a medium (playback-only disk) 
having no wobble track. The following method can also 
be used to correct a tracking deviation on a medium (re- 
cording/playback disk) having wobble tracks like the one 
shown in FIG. 6. 

[0206] In medium (recording/playback disk) 100 
whose tracks (grooves G or lands L) on the recording 
surface wobble as shown in FIG. 6, two wobble compo- 
nents can be detected at the left and right portions of 
the focused spot of main beam M in the traveling direc- 
tion. The detected left and right wobble components 
(wobble signal amplitudes) can be extracted from an 
output (b + c from the four-division cells) from adder 213 
and an output (a + d from four-division cells) from adder 
214. 

[0207] If subtracter 224 calculates the difference ((a 
+ d) - (b + c)) between these wobble components (wob- 
ble signal amplitudes) and tracking deviation correction 
driving coil 54 is controlled to reduce the wobble com- 
ponent (wobble signal amplitude) difference to zero or 
a minimum value, the focused spot of main beam M can 
be made to always trace the track (groove G or land L) 



located between the left and right wobble tracks. That 
is, the circuit arrangement shown in FIG. 7 can cope with 
tracking servo control using wobble components. 
[0208] If; for example, objective lens 60 has an optical 
5 axis deviation, medium (optical disk) 100 has a radial 
tilt, and the wobble shape of groove G or land L is un- 
balanced, the above DC offset occurs in tracking servo 
control using wobbles. In the circuit arrangement shown 
in FIG. 7, to eliminate the influence of a DC offset, track- 
10 ing deviation correction using the differential push-pull 
(DPP) method can be executed even in tracking servo 
control using the above wobbles. Medium Transparent 
Layer Thickness Irregularity (and/or Refractive Index Ir- 
regularity) Detection/Correction Control Circuit System 
15 (Thickness Servo System) 500 

[0209] Even if focusing servo control is activated to 
form a circular beam spot on the centers of four-division 
cells a to d (i.e., an in-focus state is set), the focused 
spot size of main beam M on the surface of the recording 
20 layer of the medium cannot be reduced unless spherical 
aberration caused by the thickness irregularity of the 
medium transparent layer or the like is corrected. In con- 
trast to this, even if thickness servo for spherical aber- 
ration correction is activated, the maintenance of the in- 
25 focus state (minimum spot size) of the focused spot of 
main beam M on the surface of the recording layer of 
the medium is not guaranteed unless defocusing cor- 
rection is performed by focusing servo control. There- 
fore, in order to correct spherical aberration due to the 
30 thickness irregularity of the medium transparent layer or 
the like while maintaining the in-focus state of the main 
beam, a thickness servo mechanism that can operate 
in cooperation (independently) with a focusing servo 
mechanism is required. 
35 [0210] The manner in which the shape of a beam spot 
on four-division cells (vertically elongated ellipse - circle 
- horizontally elongated ellipse) on the four-division cells 
due to a focus deviation is maintained even if spherical 
aberration due to the thickness irregularity of the medi- 
40 um transparent layer occurs. For this reason, a focus 
deviation (defocusing) can be detected independently 
of the state of occurrence of spherical aberration. In oth- 
er words, by using a method different from that for focus 
deviation detection, the state of occurrence of spherical 
45 aberration due to the thickness irregularity of the medi- 
um transparent layer can be detected independently of 
the focus deviation state. Such detection of a state of 
occurrence of spherical aberration can be implemented 
by the following arrangement. 
50 [0211] A photodetection output from cell e of sub- 
beam A detection two-division cell 94 in FIG. 6 is sent 
to one input terminal of adder 217 and the (-) input ter- 
minal of subtracter 221 through preamplifier 205. A pho- 
todetection output from cell f of sub-beam A detection 
55 two-division cell 94 is sent to the other input terminal of 
adder 217 and the (+) input terminal of subtracter 221 
through preamplifier 206. Likewise, photodetection out- 
put from cell cjof sub-beam 8 detection two-division cell 
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96 in FIG. 6 is sent to one input terminal of adder 21 8 
and the (-) input terminal of subtracter 222 through 
preamplifier 207. A photodetection output from cell h of 
sub-beam B detection two-division cell 96 is sent to the 
other input terminal of adder 218 and the (+) input ter- 
minal of subtracter 222 through preamplifier 208. 
[0212] Output (e + f) from adder 217 is sent to one 
input terminal of switch 241 , and output (f - e) from sub- 
tracter 221 is sent to the other input of switch 241 . Out- 
put (f - e) from subtracter 221 is sent to inverting ampli- 
f ier231 to be used as part of the above differential push- 
pull signal. Output (e + f) from adder 217 is sent to in- 
verting amplifier 233 to be used as part of a crosstalk 
cancel signal (to be described later). Likewise, output (g 
+ h) from adder 218 is sent to one input terminal of 
switch 242, and output (h - g) from subtracter 222 is sent 
to the other input terminal of switch 242. Output (h - g) 
from subtracter 222 is sent to the inverting amplifier 232 
to be used as part of the above differential push-pull sig- 
nal. Output (g + h) from adder 218 is sent to inverting 
amplifier 234 to be used as part of a crosstalk cancel 
signal (to be described later). 

[0213] Switch 241 selects detection sum signal (e + 
f) or detection difference signal (f - e) of cells e and f of 
sub-beam A detection two-division cell 94. and sends it 
to amplitude value detection section 261 . Amplitude val- 
ue detection section 261 detects the amplitude of se- 
lected detection sum signal (e + f) or detection difference 
signal (f - 3), and sends it to the (-) input terminal of sub- 
tracter 225. Likewise, switch 242 selects detection sum 
signal (g + h) or detection difference signal (h - g) of cell 
g and h of sub-beam B detection two-division cell 96, 
and sends it to amplitude value detection section 262. 
Amplitude value detection section 262 detects the am- 
plitude of selected detection sum signal (g + h) or de- 
tection difference signal (h - g), and sends it to the (+) 
input terminal of subtracter 225. The output [the ampli- 
tude value of sum signal (e + f) or difference signal (f - 
e)] from amplitude value detection section 261 is sent 
to the (-) input terminal of subtracter 225, and the output 
[the amplitude value of sum signal (g + h) or difference 
signal (h - g)] from amplitude value detection section 262 
is sent to the (+) input terminal of subtracter 225. 
[0214] If sum signal (e + f) is selected by switch 241 , 
a value corresponding to the focused spot size (spot ar- 
ea) of sub-beam A in FIG. 6 is detected by amplitude 
value detection section 261 . Likewise, if sum signal (g 
+ h) is selected by switch 242, a value corresponding to 
the focused spot size (spot area) of sub-beam B is de- 
tected by amplitude value detection section 262. 
[0215] in this case, subtracter 225 outputs a signal 
that becomes zero (or minimized) when the focused 
spot size (spot area) of sub-beam A becomes equal to 
the focused spot size (spot area) of sub-beam B. The 
output signal from subtracter 225 is supplied to driving 
current supply circuit 283 through phase compensation 
circuit 273. Driving current supply circuit 283 supplies 
thickness irregularity correction convex lens driving coil 



54 in FIG. 6 with a driving current having a polarity and 
magnitude that make the output signal from subtracter 
225 become zero (or minimized). Then, the position of 
thickness irregularity correction concave lens 50 and/or 

5 the position of thickness irregularity correction convex 
lens 52 in FIG. 6 is adjusted to match the focused spot 
size (spot area) of sub-beam A to the focused spot size 
(spot area) of sub-beam B. If the output signal from sub- 
tracter 225 becomes zero (or minimized) as a result of 

10 this operation, it indicates that the thickness Irregularity 
of the medium transparent layer is corrected. (The prin- 
ciple of this thickness irregularity principle will be de- 
scribed in detail later with reference to FIGS. 8A to 8C.) 
[0216] It can also be said that thickness irregularity 

15 correction by this method uses a change in focused spot 
size (area or diameter) as spherical aberration is caused 
by the thickness irregularity of the medium transparent 
layer (see the abscissa in FIG. 5A). 
[0217] Consider detection of the focused spot of sub- 

20 beam A/B from another viewpoint. That is, subtracter 
225 outputs a signal that becomes zero (or minimized) 
when the detected light amount of focused spot of sub- 
beam A (spot area x brightness per unit area) becomes 
equal to the detected light amount focused spot of sub- 

25 beam B (spot area x brightness per unit area). The out- 
put signal from subtracter 225 is supplied to driving cur- 
rent supply circuit 283 through phase compensation cir- 
cuit 273. Driving current supply circuit 283 supplies 
thickness irregularity correction lens driving coil 54 in 

30 FIG. 6 with a driving current having a polarity and current 
which make the output signal from subtracter 225 be- 
come zero (or minimized). Then, the position of thick- 
ness irregularity correction concave lens 50 and/or the 
position of thickness irregularity correction convex lens 

35 52 in FIG. 6 is adjusted to match the detected light 
amount of focused spot of sub-beam A to the detected 
light amount of focused spot of sub-beam B. If the mag- 
nitude of the output signal from subtracter 225 becomes 
zero (or minimized) as a result of this operation, it indi- 
te cates that the thickness irregularity of the medium trans- 
parent layer is corrected. 

[0218] It can also be said that thickness irregularity 
correction by this method uses a change in the bright- 
ness (light intensity) of a focused spot as spherical ab- 
45 erration is caused by the thickness irregularity of the me- 
dium transparent layer (see the ordinate in FIG. 5A). 
[0219] Although the above method of correcting the 
thickness irregularity of the medium transparent layer 
can also be applied to a medium (playback-only disk) 
so having no wobble tracks, the thickness irregularity of the 
medium transparent layer can also be corrected by the 
following method in a medium (recording/playback disk) 
having wobble tracks as shown in FIG. 6. This method 
uses that as the focused spot size decreases, a relative- 
's |y larger wobble component (a change in wobble shape) 
at this spot can be detected, i.e., as the focused spot 
size is decreased, a wobble component can be detected 
with higher sensitivity (or as the spot size increases, 
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sensitivity to a change in wobble shape deteriorates). 
[0220] More specifically, if switch 241 selects differ- 
ence signal (f - e), amplitude value detection section 261 
detects a wobble component (the push-pull combined 
value of detection components of cells f and e) detected 
by the focused spot of sub-beam A in FIG. 6. If switch 
242 selects difference signal (h - g), amplitude value de- 
tection section 262 detects a wobble component (the 
push-pull combined value of detection components of 
cells h and g) detected by the focused spot of sub-beam 
B. 

[0221] The magnitude of wobble component (f - e) de- 
tected by amplitude value detection section 261 increas- 
es as the focused spot size of sub-beam A decreases 
when the spherical aberration of sub-beam A as a +1 st- 
order light beam to which the spherical aberration is giv- 
en in advance by hologram element 20A in FIG. 6 and 
the spherical aberration due to the thickness irregularity 
of the transparent layer cancel out each other. In con- 
trast to this, the magnitude of wobble component (f - e) 
detected by amplitude value detection section 261 de- 
creases as the focused spot size of sub-beam A increas- 
es when the spherical aberration of sub-beam A as a 
4 1st-order light beam to which the spherical aberration 
is given in advance and the spherical aberration due to 
the thickness irregularity of the transparent layer are 
added together. 

[0222] The magnitude of wobble component (h - g) 
detected by amplitude value detection section 262 de- 
creases as the focused spot size of sub-beam B increas- 
es when the spherical aberration of sub-beam B as a 
-1st-order light beam to which the spherical aberration 
with an opposite polarity to sub-beam A is given by holo- 
gram element 20A and the spherical aberration due to 
the thickness irregularity of the transparent layer are 
added together. The magnitude of wobble component 
(h - g) detected by amplitude value detection section 262 
increases as the focused spot size of sub-beam A de- 
creases when the spherical aberration of sub-beam B 
as a -1st-order light beam to which the spherical aber- 
ration with an opposite polarity is given in advance and 
the spherical aberration due to the thickness irregularity 
of the transparent layer cancel out each other. 
[0223] As is apparent from the above description, 
thickness servo control for correcting the thickness ir- 
regularity of the transparent layer of a medium can be 
implemented by making subtracter 225 calculate the dif- 
ference between the magnitude of wobble component 
(f - e) detected by amplitude value detection section 261 
and the magnitude of wobble component (h - g) detected 
by amplitude value detection section 262 as in the case 
where outputs from the adders 21 7 and 21 8 are selected 
by switches 241 and 242. 

[0224] More specifically, a driving current having a po- 
larity and magnitude which make the output signal from 
subtracter 225 become zero (or minimized) is supplied 
to thickness irregularity correction lens driving coil 54 in 
FIG. 6. The position of thickness irregularity correction 



concave lens 50 and/or the position of thickness irreg- 
ularity correction convex lens 52 is adjusted to match 
the magnitude of wobble component (f - e) detected by 
sub-beam A detection two-division cell 94 and ampli- 
5 tude value detection section 261 to wobble component 
(h - g) detected by sub-beam B detection two-division 
cell 96 and amplitude value detection section 262. 
[0225] The magnitude of wobble component (f - e) de- 
tected by sub-beam A detection two-division cell 94 and 
10 amplitude value detection section 261 corresponds to 
the focused spot size (spot area) of sub-beam A. The 
magnitude of wobble component (h - g) detected by sub- 
beam B detection two-division ceil 96 and amplitude val- 
ue detection section 262 corresponds to the focused 
15 spot size (spot area) of sub-beam B. If, therefore, the 
output signal from subtracter 225 becomes zero (or min- 
imized), servo operation is performed in the same man- 
ner as in the case where the focused spot size (spot 
area) of sub-beam A becomes equal to the focused spot 
20 size (spot area) of sub-beam B, thereby correcting the 
thickness irregularity of the medium transparent layer. 
[0226] As described above, focusing servo control for 
the detection of defocusing can be implemented by an 
idea different from that for thickness servo control for 
25 the correction of the thickness irregularity of the medium 
transparent layer. In this focusing servo control, optical 
system unit 70 like the one shown in FIGS. 4A to 4C is 
applied to the optical system in FIG. 6. With this focusing 
servo control, stable focusing and thickness servo op- 
30 erations can be performed independently of each other 
without causing any significant interference therebe- 
tween. In this case, defocusing in focusing servo control 
can also be detected by the following method. 
[0227] When thickness irregularity correction con- 
35 cave lens 50, thickness irregularity correction convex 
lens 52, and objective lens 60 in FIG. 6 are regarded as 
optical system unit 70 in FIGS. 4A to 4C as a whole, in 
the optical system in FIG. 6, light having passed through 
collimator lens 40A is always incident as parallel light 
40 onto optical system unit 70. When the focusing position 
((* in FIGS. 4A to 4C) at which light is focused by objec- 
tive lens 60 coincides with the position of the recording 
layer of medium 1 00 (in an in-focus state without defo- 
cusing), light passing reflected by this recording layer 
45 and passing through optical system unit 70 becomes 
parallel light regardless of the distance between the 
thickness irregularity correction convex lens 52 and 
thickness irregularity correction concave lens 50. 
[0228] If focusing position p at which light is focused 
so by objective lens 60 is located behind the position of the 
recording layer of the medium (in the direction to sepa- 
rate from the objective lens), light reflected by the re- 
cording layer and having passed through optical system 
unit 70 becomes divergent light. In this state, light al- 
55 ways becomes divergent light regardless of the distance 
between thickness irregularity correction convex lens 52 
and thickness irregularity correction concave lens 50. In 
contrast to this, if focusing position p at which light is 
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focused by objective lens 60 is located before the posi- 
tion of the recording layer of the medium (in the direction 
to approach the object lens) ; light reflected by the re- 
cording layer and having passed through optical system 
unit 70 becomes convergent light. 
[0229] The state of light (parallel light, divergent light, 
or convergent light) reflected by the recording layer of 
the medium and having passed through optical system 
unit 70 can be detected by a combination of cylindrical 
lens 80 and photodetector 90A in FIG. 6 (or defocusing 
detection section 91 0 in FIG. 22 (to be described later)). 
By detecting the state of such reflected light (parallel 
light, divergent light, or convergent light), a defocusing 
state (an in-focus state, a state of focus deviation to the 
distant side, or a state of focus deviation to the near side) 
can be singly detected. This defocusing state can be 
stably detected regardless of the state of occurrence of 
thickness irregularity of the transparent layer (the state 
of occurrence of spherical aberration) and the distance 
between thickness irregularity correction convex lens 52 
and thickness irregularity correction concave lens 50. 

Playback Signal Detection Circuit System 300 

[0230] Playback signal detection circuit system 300 is 
a circuit system for outputting the result obtained by 
reading a recorded mark on the recording layer of the 
medium using main beam M in FIG. 6 as an electrical 
signal. 

[0231] Referring to FIG. 7, adder 21 5 adds sum output 
(b + c) of cells b and c of main beam M detection four- 
division cell 92 and sum output (a + d) of cell a and d of 
main beam M detection four-division cell 92. As a result, 
signal (a + b + c + d) corresponding to the detection re- 
sults of four-division cells a to d is output from adder 
215. This signal (a + b + c + d) has not undergone 
processing of removing crosstalk from adjacent tracks. 
Signal (a + b + c + d) is input to switch 243. Switch 243 
also receives a signal having undergone processing of 
removing crosstalk from the adjacent tracks. This signal 
having undergone processing of removing crosstalk can 
be obtained by the following arrangement. 
[0232] Adder 219 receives the first delay signal ob- 
tained by delaying signal (a + b + c + d) from adder 215, 
which has not undergone processing of removing cross- 
talk, by a first predetermined period of time using delay 
unit 251 . Adder 219 also receives the second delay sig- 
nal (crosstalk cancel signal) obtained by inverting/am- 
plifying sum output (e + f) of cells e and f of sub-beam 
A detection two-division cell 94 with predetermined am- 
plification factor (-A3) using inverting amplifier 233 and 
delaying the resultant signal by a second predetermined 
period of time using delay unit 252. This adder 21 9 also 
receives the third delay signal (crosstalk cancel signal) 
obtained by inverting/amplifying sum output (g + h) of 
cells 2 and h of sub-beam B detection two-division cell 
96 with predetermined amplification factor (-A4) using 
inverting amplifier 234 and delaying the resultant signal 



by a third predetermined period of time using delay unit 
253. 

[0233] With the use of photodetector 90A having an 
arrangement like the one shown in FIG. 6, the timing of 

5 detection of a recorded mark with sub-beam A precedes 
the timing of detection of the recorded mark with main 
beam M by a period of time corresponding to the posi- 
tional shift of the beam on the recording surface of the 
medium. On the other hand, the timing of detection of 

10 the recorded mark with sub-beam B delays with respect 
to the timing of detection of the recorded mark with main 
beam M by a period of time corresponding to the posi- 
tional shift of the beam on the recording layer of the me- 
dium. That is, the same recorded mark is read with sub- 

15 beam A, main beam, and sub-beam B at different times 
(different timings). Delay units 251 and 253 in FIG. 7 
serve to correct these time deviations (timing devia- 
tions) to set the detection timings on the same time axis. 
[0234] When tracking servo control normally func- 

20 tions, the magnitude of crosstalk components from ad- 
jacent tracks (tracks on the left and right side of a track 
which main beam M traces), contained in detection sig- 
nal (a + b + c + d) with main beam M, differs from the 
magnitude of the right-side track component contained 

25 in detection signal (e + f) with sub-beam A, and also dif- 
fers from the magnitude of the left-sidetrack component 
contained in detection signal (g 4- h) with sub-beam B. 
For this reason, the crosstalk components from the ad- 
jacent tracks, contained in detection signal (a + b + c + 

30 d) with main beam M, cannot be completely canceled 
out (or minimized) by simply subtracting detection signal 
(e + f) with sub-beam A and detection signal (g + h) with 
sub-beam B from detection signal (a + b + c + d) with 
main beam M. 

35 [0235] The crosstalk components from the adjacent 
tracks, contained in detection signal (a + b + c + d) with 
main beam M, are completely canceled out (or mini- 
mized) with synthesis of [-A3 x (e + f)] and/or [-A4 x (g 
+ h)] by adjusting amplification factor A3 of intermediate 

40 wall 223 for detection signal (e + f) with sub-beam A and 
amplification factor A4 of inverting amplifier 234 for de- 
tection signal (g + h) with sub-beam B (in accordance 
with the state of the actual apparatus). 
[0236] Switch 243 selects detection signal (a + b + c 

45 + d) based on main beam M, from which crosstalk is 
canceled by delay time adjustment by delay units 251 
to 253 and amplification factor adjustment by inverting 
amplifiers 233 and 234, or detection signal (a + b + c + 
d) from adder215, which has not undergone processing 

50 of removing crosstalk, and sends it to playback signal 
processing circuit 291. Playback signal processing cir- 
cuit 291 demodulates detection signal (a + b + c + d) 
and performs error correction as needed, thereby pro- 
viding a playback output corresponding to the contents 

55 of information pits recorded on information medium 1 00. 
[0237] If the detection result obtained with main beam 
M contains substantially no crosstalk from adjacent 
tracks (the influence of crosstalk from the adjacent 



31 



BNSDCCID: <EP 



1 209669 A2_l_> 



61 



EP 1 209 669 A2 



62 



tracks is at a negligible level), a playback output may be 
obtained by using detection result (a + b + c + d) from 
adder 215. If crosstalk from adjacent tracks does not 
substantially exist (or can be neglected), a better result 
may be obtained without mixing any crosstalk cancel 
signal in detection result (a + b + c + d) from adder 21 5. 
[0238] FIGS. 8A to 8C are views for conceptually ex- 
plaining how thickness servo control using spherical ab- 
erration is implemented in the arrangement shown in 
FIG. 6. 

[0239] As described above, spherical aberrations with 
opposite polarities are given to sub-beams A and B in 
advance by hologram element 20A. Assume that adjust- 
ment has been made such that if the medium transpar- 
ent layer has no thickness irregularity, the spot size of 
sub-beam A becomes equal to that of sub-beam B (or 
the brightness of the spot of sub-beam A becomes equal 
to that of the spot of sub-beam B) (see FIG. 8B). 
[0240] Assume that spherical aberration (influencing 
main beam M, sub-beam A, and sub-beam B all) is 
caused by the thickness irregularity of the medium 
transparent layer. In this case, even at a position where 
main beam M is in an in-focus state, the focused spot 
size of one sub-beam decreases (or the focused spot 
becomes brighter) due to cancellation of spherical ab- 
errations, whereas the focused spot size of the other 
sub-beam increases (or the focused spot becomes 
darker) due to addition of spherical aberrations (see 
FIGS. 5A and FIG. 8A and 8C). 

[0241] When the medium transparent layer under- 
goes thickness irregularity that cancels out the spherical 
aberration given to sub-beam A in advance, the spot 
size of sub-beam A becomes smaller than the spot size 
(FIG. 8B) without transparent layer thickness irregularity 
(or the spot of sub-beam A becomes brighter than that 
without transparent layer thickness irregularity), where- 
as the spot size of sub-beam B becomes largerthan that 
without transparent layer thickness irregularity (or the 
spot of sub-beam B becomes darker than that without 
transparent layer thickness irregularity) due to addition 
of spherical aberrations, as shown in FIG. 8A. 
[0242] In contrast to this : when the medium transpar- 
ent layer undergoes thickness irregularity that cancels 
out the spherical aberration given to sub-beam B in ad- 
vance, the spot size of sub-beam B becomes smaller 
than the spot size (FIG. 8B) without transparent layer 
thickness irregularity (or the spot of sub-beam B be- 
comes brighterthan that without transparent layerthick- 
ness irregularity), whereas the spot size of sub-beam A 
becomes larger than that without transparent layer 
thickness irregularity (or the spot of sub-beam A be- 
comes darker than that without transparent layer thick- 
ness irregularity) due to addition of spherical aberra- 
tions, as shown in FIG. 8C. 

[0243] As described above, as the focused spot size 
decreases, the amplitude of a detection signal from a 
wobble groove increases, and the amplitude of a play- 
back signal from a recorded mark or embossed pit (a pit 



in the form of a recess/projection) increases. Therefore, 
spherical aberration can be detected by comparing the 
magnitudes of playback signals corresponding to fo- 
cused spot sizes and detecting which one of the spot 

5 sizes of sub-beams A and B is smaller (or larger) on the 
surface of the recording layer. As shown in FIG. 8B, 
thickness servo control using spherical aberration can 
be implemented by adjusting the position of thickness 
irregularity correction concave lens 50 and/or the posi- 

10 tion of thickness irregularity correction convex lens 52 
in FIG. 6 or the distance therebetween so as to equalize 
the spot sizes of sub-beams on the surface of the, re- 
cording layer. 

[0244] The brighter a focused spot is, the larger an 

15 output from a corresponding photodetection cell is. 
Spherical aberration can therefore be detected by com- 
paring the magnitudes of signals corresponding to the 
brightness levels of the focused spots of sub-beams A 
and B and detecting which one of the focused spots of 

20 sub-beams A and B is brighter (or darker). Thickness 
servo control using spherical aberration can be imple- 
mented by adjusting the position of thickness irregularity 
correction concave lens 50 and/or the position of thick- 
ness irregularity correction convex lens 52 in FIG. 6 or 

25 the distance therebetween so as to equalize the bright- 
nesses of the focused spots of sub-beams A and B. 
[0245] Since thickness servo control using the above 
spherical aberration detection method (using two sub- 
beams A and B) uses a detection principle that is totally 

30 different from that for focusing servo control using de- 
tection of a change in focused spot shape on four-divi- 
sion cells a to d described above (using main beam M), 
the two servo systems can be constructed independent- 
ly and separately. 

35 

Summary of Arrangement in FIG. 6 to 8C 

[0246] The optical head including constituent ele- 
ments 10 to 90 in FIG. 6 performs defocusing detection 

40 by an astigmatism method using cylindrical lens 80. 
More specifically, this optical head detects a defocusing 
amount by calculating the difference between two sums 
(a + c and b + d) of diagonal cells in focusing servo sys- 
tem 600 with respect to the detection light amounts de- 

45 tected among four-division photodetection cells a to d 
of main beam M detection four-division cell 92 which are 
irradiated with main beam M. 

[0247] In addition, the thickness irregularity (thick- 
ness error) of the medium transparent layer is detected 
50 from the detection light amounts detected by the two- 
division photodetection cells (e + f and g + h) in two sub- 
beam detection cells 94 and 96 which are irradiated with 
the reflected light beams of sub-beams A and B, respec- 
tively. 

55 [0248] If thickness irregularity (error) occurs in the 
transparent layer of information medium 100, main 
beam M has a focused spot intensity distribution (see 
FIGS. 5A and 5B) including spherical aberration caused 
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by the thickness irregularity of the transparent layer. Al- 
though the spherical aberration caused by the thickness 
irregularity of the transparent layer is added to sub- 
beams A and B, the spherical aberrations with the op- 
posite polarities are respectively given to sub-beams A 
and B in advance. For this reason, the spherical aber- 
ration amount of one of sub-beams A and B is canceled 
out by the spherical aberration caused by the thickness 
irregularity of the transparent layer, while the spherical 
aberration amount of the other sub-beam is increased 
by the spherical aberration (see FIGS. 8A and 8C). 
[0249] Of the amplitudes of playback signals from in- 
formation medium 1 00, the amplitude of a playback sig- 
nal from a sub-beam with smaller spherical aberration 
is larger. For this reason, by comparing the amplitude 
values of the two playback signals (from sub-beams A 
and B) with each other, the thickness irregularity amount 
(thickness error amount) of the transparent layer and the 
direction of occurrence of the error (whether the error is 
in the direction in which the thickness becomes larger 
or smaller than a reference value) can be detected. In 
a recording region of information medium 100, the 
boundary surface between land L and groove G formed 
with a level difference has a wobble shape (wobble 
groove). In transparent layer thickness irregularity de- 
tection/correction control circuit system 500, therefore, 
subtracters 221 and 222 calculate the difference be- 
tween detection signals from preamplifiers 205 and 206 
and the difference between detection signals from 
preamplifiers 207 and 208 to obtain a detection signal 
difference from the wobble groove, thereby detecting 
the thickness error amount of the transparent layer. 
[0250] A pit array in a fine recess/projection (em- 
bossed) shape exists in a playback region of information 
medium 100. When the thickness error amount of the 
transparent layer is to be detected from this pit array, 
the playback signal amplitudes calculated by adders 
217 and 218 may be compared with each other. 
[0251] When the distance between thickness irregu- 
larity correction concave lens 50 and thickness irregu- 
larity correction convex lens 52 is changed by supplying 
a control current to thickness irregularity correction con- 
vex lens driving coil 54 on the basis of the signal detect- 
ed by the above method, spherical aberration in an op- 
posite direction to the spherical aberration due to the 
thickness irregularity of the transparent layer is caused 
on the lens side of the optical head, thereby correcting 
the aberration caused by the thickness irregularity of the 
transparent layer. 

[0252] In addition, part of the arrangement (the optical 
system and electric circuit system) for detecting the 
thickness irregularity (thickness error) of the medium 
transparent layer can be used for track deviation detec- 
tion based on a crosstalk cancellation and/or differential 
push-pull method for a playback signal from a recorded 
mark. 

[0253] FIG. 9 is a graph for explaining how the char- 
acteristics (relative central intensity and spot width) of a 
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focused spot change when only spherical aberration is. 
given without any defocusing correction (the central por- 
tion of the objective lens is fixed to an in-focus/just focus 
without any aberration). 

5 [0254] Referring to FIG. 9, the solid curve ascending 
to the upper left indicates a change in the relative central 
intensity of a focused spot with respect to spherical ab- 
erration amount W^ (X), and the ordinate on the left side 
indicates the central intensity ratio (a maximum value of 

10 1 at the spot center) of the focused spot. 

[0255] This solid curve ascending to the upper left in- 
dicates the following. When spherical aberration 
amount W^ (X) is zero (no spherical aberration), the rel- 
ative central intensity of the focused spot has a rriaxi- 

15 mum value of "1", which decreases as spherical aber- 
ration amount W^ (X) increases. When spherical aber- 
ration amount W^ (X) falls between 0.2 X and 0.8 X, the 
change rate of the central intensity of the focused spot 
is high with respect to a change in spherical aberration 

20 amount W 40 {X). That is, when spherical aberration 
amount W^ (X) falls between 0.2 X and 0.8 X, the 
amount of spherical aberration caused can be detected 
with high sensitivity (the larger the gradient of the curve, 
the higher the detection sensitivity) from a change in the 

25 central intensity of the focused spot. When spherical ab- 
erration amount W 40 (X) is 0.2 X. or less or 0.8 X or more, 
since the central intensity of the focused spot does not 
change much with a change in spherical aberration 
amount W^ (X), the detection sensitivity for the amount 

30 of spherical aberration caused deteriorates. 

[0256] Referring to FIG. 9, the dashed curve ascend- 
ing to the upper right and having a large gradient indi- 
cates a change in the 5% width of the focused spot with 
respect to spherical aberration amount W^ (A.), and the 

35 ordinate on the right side indicates the change rate of 
this focused spot width. In this case, the 5% width of the 
focused spot means the width of the range of spread of 
a portion of the spot which has a light intensity of 5% 
when the central intensity of the focused spot is 100%. 

40 [0257] This dashed curve ascending to the upper right 
indicates the following. The 5% width of the focused spot 
increases as spherical aberration amount W^ (X) in- 
creases. When spherical aberration amount W^ (A.) 
falls between 0.3 X and 0.8 A., the change rate of the 5% 

45 width of the focused spot with a change in spherical ab- 
erration amount W 40 (X) is relatively high. When spher- 
ical aberration amount W 40 (X) falls between 0.4 A and 
0.7 X, the change rate of the 5% width of the focused 
spot with a change in spherical aberration amount W^ 

50 (X) is higher. That is, when spherical aberration amount 
W40 {X) falls between 0.4 X and 0.7 A., the amount of 
. spherical aberration caused can be detected with high 
sensitivity from a change in the 5% width of the focused 
spot. When spherical aberration amount W^ (X) falls 

55 between 0.3 A and 0.4 X or less, the detection sensitivity 
for the amount of spherical aberration caused deterio- 
rates. On the other hand, when spherical aberration 
amount W^ (X) falls between 0.7 X and 0.8 X or more, 
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since the relatively central sensitivity of the focused spot 
is low, the focused spot becomes dark. This makes it 
difficult to detect the 5% width of the focused spot with 
a high S/N ratio, resulting in a deterioration in detection 
precision. 

[0258] Referring to FIG. 9, the dashed curve ascend- 
ing to the upper right and having a small gradient indi- 
cates a change in the e-2 width of the focused spot with 
respect to spherical aberration amount W 40 (X), and the 
ordinate on the right side indicates the change rate of 
focused spot width. In this case, the e-2 width of the fo- 
cused spot means the width of the range of spread of a 
portion of the spot which has a light intensity corre- 
sponding to a value "exp(-2)" (0.135334...) when the 
central light intensity of the focused spot is "1". "e" of "e- 
2 width" indicates an exponential function. 
[0259] This dashed curve ascending to the upper right 
indicates thef ollowing. The e-2 width of the focused spot 
increases with an increase in spherical aberration 
amount W^ (X). When spherical aberration amount 
(X) falls between 0.4 X and 0.6 X, the change rate of the 
e-2 width of the focused spot with a change in spherical 
aberration amount W 40 (X) is high. That is, when spher- 
ical aberration amount (X) falls between 0.4 X and 
0.6 X, the amount of spherical aberration caused can be 
detected with high sensitivity from a change in the e-2 
width of the focused spot. When spherical aberration 
amount W 40 (X) is 0.4 or less, the detection sensitivity 
for the amount of spherical aberration caused deterio- 
rates. When spherical aberration amount W 40 (X) is 0.6 
X or more, since the relative central intensity of the fo- 
cused spot decreases, the focused spot becomes dark. 
This makes it difficult to detect the e-2 width of the fo- 
cused spot with a high S/N ratio, resulting in a deterio- 
ration in detection precision. 

[0260] Referring to FIG. 9, the solid curve ascending 
to the upper right indicates a change in the half-width of 
the focused spot with respect to spherical aberration 
amount W^ (X), and the ordinate on the right side indi- 
cates the change rate of this focused spot width. In this 
case, the half -width of the focused spot means the width 
of the range of spread of a portion of the spot which has 
a light intensity of 50% when the central light intensity 
of the focused spot is 1 00%. 

[0261] This solid curve ascending to the upper right 
indicates the following. The half-width of the focused 
spot increases as spherical aberration amount W^ (X) 
increases. When spherical aberration amount W 40 (X) 
falls between 0.5 X and 0.7 X, the change rate of the 
half-width of the focused spot with a change in spherical 
aberration amount W 40 (X) is high. That is, when spher- 
ical aberration amount (X) falls between 0.5 X and 
0.7 X, the amount of spherical aberration caused can be 
detected with high sensitivity from a change in the half- 
width of the focused spot. When spherical aberration 
amount W^ (X) is 0.5 X or less, the detection sensitivity 
for the amount of spherical aberration caused decreas- 
es. When spherical aberration amount W^ (X) is 0.7 X 



or more, since the relative central intensity of the fo- 
cused spot decreases, the focused spot becomes dark. 
This makes it difficult to detect the half -width of the fo- 
cused spot with a high S/N ratio, resulting in a deterio- 

5 ration in detection precision. 

[0262] FIG. 9 includes guidelines about how much 
spherical aberration is to be given to sub-beams A and 
B in FIG. 6 or FIGS, 8A to 8C in advance by hologram 
element 20A in FIG. 6. In other words, FIG. 9 shows 

10 specific materials for determination as to spherical ab- 
errations which should be given to sub-beams A and B 
in advance to ensure the light intensity of a focused spot 
to a certain degree or more and also ensure the change 
rate of the central intensity or width of the focused spot 

15 with respect to spherical aberration amount W^ (X) to 
a certain degree or more. 

[0263] More specifically, It is conceivable from FIG. 9 
that spherical aberration amount W^ (X) is set to 0.8 X 
or less to ensure the light intensity of the focused spot 

20 to a certain degree or more, and spherical aberration 
amount W w (X) is set between 0.2 X and 0.8 X to ensure 
the change rate or the central intensity of the focused 
spot with respect to spherical aberration amount W^ (X) 
to a certain degree or more. 

25 [0264] Considering the change rate of focused spot 
width as well, spherical aberration amount W^ (X) that 
is preferably given to sub-beams A and B may be se- 
lected from the range of 0.3 X to 0.7 X. More preferably, 
spherical aberration amount W^ (X) may be selected 

30 from the range of 0.4 X to 0.6 X. 

[0265] FIG. 10 is a block diagram showing the thick- 
ness servo system and focusing servo system which are 
independent of each other and extracted from the ar- 
rangement shown in FIG. 6. 

35 [0266] Referring to FIG. 10, the laser beam output 
from laser source 1 0 is sent to objective lens 60 through 
beam splitter 30 and the thickness irregularity (refractive 
index irregularity) correction mechanism for the medium 
transparent layer. In this case, the thickness irregularity 

40 is comprised of thickness irregularity correction concave 
lens 50. thickness irregularity correction convex lens 52, 
and thickness irregularity correction convex lens driving 
coil 54 in FIG. 6. 

[0267] The laser beam focused by the objective lens 
45 60 is sent onto the surface of the recording layer through 
the transparent protective layer of optical disk (informa- 
tion medium) 100 and reflected by it. The laser beam 
reflected by the recording layer of the medium is re- 
turned to beam splitter 30 through objective lens 60 and 
so the transparent layer thickness irregularity correction 
mechanism (50, 52, 54), and sent from the beam splitter 
to wavefront aberration detection section 900 and defo- 
cusing detection section 91 0. in this case, wavefront ab- 
erration detection section 900 corresponds to sub-beam 
55 detection cells 94 and 96 and their peripheral parts in 
FIG. 6. Defocusing detection section 910 corresponds 
to main beam detection cell 92 and its peripheral parts 
in FIG. 6. 
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[0268] Defocusing detection section 910 detects de- 
focusing by using cylindrical lens 80 and four-division 
cells atod (using astigmatism), and sends the detection 
result to defocusing detection/correction control circuit 
system 600. Defocusing detection/correction control cir- 
cuit system 600 performs control to drive the actuator 
(driving coil 62 in FIG. 6) on the basis of the defocusing 
detection result so as to set the focused beam from ob- 
jective lens 60 in an in-focus state on the surface of the 
recording layer of the medium. 

[0269] If thickness irregularity and/or refractive index 
irregularity occurs in the medium transparent layer, 
spherical aberration (or wavefront aberration) occurs. 
This spherical aberration (or wavefront aberration) is de- 
tected by wavefront aberration detection section 900 
that is completely independent of defocusing detection 
section 91 0 (referto the description given with reference 
to FIGS. 1A to 7 for the method of detecting spherical 
aberration). A signal corresponding to the spherical ab- 
erration (or wavefront aberration) detected by wavefront 
aberration detection section 900 is sent to transparent 
layer thickness irregularity detection/correction control 
circuit system 500. Transparent layer thickness irregu- 
larity detection/correction control circuit system 500 
drives the actuator (driving coil 54 in FIG. 6) in the trans- 
parent layer thickness irregularity correction mecha- 
nism (50, 52, 54) so as to minimize the signal corre- 
sponding to the detected spherical aberration (or wave- 
front aberration). As a consequence, the optical internal 
state (the state of light, e.g. , divergent light, parallel light, 
or convergent light; see FIGS. 3Ato 4C) of the transpar- 
ent layer thickness irregularity correction mechanism 
(50, 52, 54) is changed to cancel out the thickness ir- 
regularity and/or refractive index irregularity of the me- 
dium transparent layer. 

[0270] In this case, when the optical internal state of 
the transparent layer thickness irregularity correction 
mechanism (50, 52, 54) is changed, defocusing also oc- 
curs. This defocusing is detected independently of 
spherical aberration (or wavefront aberration) (by using 
astigmatism) by defocusing detection section 910 that 
is independent of wavefront aberration detection section 
900. For this reason, defocusing accompanying a 
change in the optical internal state of the transparent 
layer thickness irregularity correction mechanism (50, 
52, 54) can be removed or minimized by focusing servo 
operation without interfering with servo operation (thick- 
ness servo operation) of canceling out the thickness ir- 
regularity and/or refractive index irregularity of the me- 
dium transparent layer. 

[0271] After the optical internal state of the transpar- 
ent layer thickness irregularity correction mechanism 
(50, 52, 54) is changed to cancel out the thickness ir- 
regularity and/or refractive index irregularity of the me- 
dium transparent layer, the signal corresponding to the 
spherical aberration (or wavefront aberration) detected 
by wavefront aberration detection section 900 converg- 
es to a certain minimum value. This minimum value up- 



on convergence is not zero but is a certain finite value. 
This finite value will be referred to as a "residual devia- 
tion". This residual deviation is proportional to the thick- 
ness irregularity and/or refractive index irregularity of 

5 the medium transparent layer and inversely proportional 
to servo gain G of the thickness servo system. 
[0272] Assume that the amount of spherical aberra- 
tion caused by the refractive index irregularity of the me- 
dium transparent layer is much smaller than the amount 

10 of spherical aberration caused by the thickness irregu- 
larity of the medium transparent layer, i.e., the refractive 
index irregularity of the medium transparent layer can 
be substantially neglected. In this case, the residual de- 
viation in the thickness servo system indicates the thick- 

15 ness irregularity of the medium transparent layer. That 
is, this residual deviation is proportional to the value ob- 
tained by dividing the thickness irregularity of the medi- 
um transparent layer by servo gain G of the thickness 
servo system (if a proportional constant is properly se- 

20 lected, then residual deviation = thickness irregularity + 
servo gain G). 

[0273] FIG. 10 indicates the following. The spherical 
aberration caused by the thickness irregularity of the 
medium transparent layer is removed (or suppressed) 

25 by thickness servo control, and defocusing is eliminated 
(suppressed) by focusing servo control independent of 
this thickness servo control (regardless of the state of 
occurrence of spherical aberration). In addition, the 
amount of thickness irregularity caused in the medium 

30 transparent layer can also be known from the residual 
deviation in the thickness servo system from which the 
spherical aberration due to thickness irregularity and de- 
focusing are eliminated (suppressed). 
[0274] The arrangement shown in FIG. 1 0 can be ap- 

35 plied to an optical head having a mechanism for com- 
pensating for the influence of the thickness irregularity 
of the transparent protective layer of information medi- 
um (optical disk) 100. This optical head has defocusing 
(focusing) detection section 910 and wavefront aberra- 
nt? tion (spherical aberration) detection section 900. An op- 
tical disk drive having this optical head includes focusing 
servo system circuit 600 and thickness servo system cir- 
cuit 500 for suppressing wavefront aberration. That is, 
the optical disk drive having the arrangement shown in 

45 FIG. 1 0 can perform focusing servo and thickness servo 
operations independently of each other. 
[0275] The optical disk drive having the optical head 
with the arrangement shown in FIG. 10 (or FIG. 19 or 
22 to be described later) has a tracking channel from 

50 which a sum output or difference output from divided 
photodetectors are measured. During this signal meas- 
urement, tracking error emax. (axial) in a direction about 
the axis (circumferential direction) between the focal 
point of a light beam and the recording layer (or reflect- 

55 ing layer) is suppressed within ±0.10 um. At this time, 
radial tracking error emax. (radial) is suppressed within 
±0.01 0 um. Note that the final numerical values of emax. 
(axial) and emax. (radial) are determined after margin 



35 



BNSDOCID: <EP. 



1209669A2_I_> 



I 



69 

distribution setting for the overall system is performed 
in consideration of the manufacturability of disks, mech- 
anism precision, and the like. 

[0276] Letting X be the wavelength of a beam to be 
used, spherical aberration eave.max. of the transparent 
protective layer (including a space layer in a dual-layer 
disk) is preferably suppressed within 0.015 Xrms. This 
point will be further described below. 
[0277] The Marechal criterion indicates thatthe wave- 
front aberration in a general optical system is preferably 
set to 0.07 A,rms or less. In a rewritable DVD, this wave- 
front aberration includes two types of wavefront aberra- 
tions. The first wavefront aberration is an aberration at 
the optical head, and the second wavefront aberration 
is an aberration at the interface (e.g., the transparent 
protective layer of the disk) between the optical disk and 
the optical head. Each wavefront aberration has the 
same value (e.g., 0.033 Arms corresponding to almost 
a half of 0.07 Xrms provided according to the Marechal 
criterion). 

[0278] The specifications of rewritable DVDs have the 
same concept regarding wavefront aberration. SeidePs 
aberration generally includes two aberration groups. 
Coma and an oblique incident beam belong to the first 
group. Spherical aberration, astigmatism, and defocus- 
ing belong to the second group. Although aberrations in 
the same group influence each other, aberrations in dif- 
ferent groups do not mutually influence much. 
[0279] The root mean square (RMS or rms) of a total 
aberration can be calculated from the square average 
of the second group. The rms value of wavefront aber- 
ration can be divided into 1 : 2 between the first and sec- 
ond groups (first group = 1 : second group = 2). There- 
fore, 0.033 A. rms can be divided into 0.01 5 X. rms : 0.030 
X rms. In consideration of the influence of spherical ab- 
erration on defocusing, thickness servo control for the 
suppression of the thickness irregularity {and/or the re- 
fractive index irregularity of the transparent protective 
layer) of the transparent protective layer of the disk is 
required to realize an aberration of 0.015 X rms or less. 
[0280] The relationship between the above thickness 
servo control and aberrations will be further described 
below. 

[0281] According to Morio Ogami, "Optical Disk Tech- 
nique" (1988: Radio Gijutusha) pp. 54 and 55, the limit 
value with which stable image formation can be per- 
formed in a general optical system is called the Mare- 
chal criterion, and known as RMS (root Mean Square) 
value Wrms of a total wavefront aberration given by 

Wrms ^ 0.07 X rms (1) 

(where X is the wavelength in use). 
[0282] In the present invention, a residual deviation 
amount in thickness correction (thickness servo control) 
is set on the basis of mathematical expression (1). 
[0283] As wavefront aberration amounts, defocusing, 
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coma, astigmatism based on the astigmatic difference 
in a laser source exist in addition to the spherical aber- 
ration caused by the thickness irregularity of the trans- 
parent Jayer. As a margin distribution method for aber- 

5 rations, therefore, a method of dividing the value of 
mathematical expression (1) into two values according 
to the allowable aberration of the optical head having 
coma caused by the gradient of the objective lens and 
astigmatism based on the astigmatic difference of the 

10 laser source and the residual aberration of spherical ab- 
erration based on the information medium after thick- 
ness correction (thickness servo control) may be used. 
[0284] In this case, the residual deviation of spherical 
aberration can also set as 

15 

Wcrms ^ 0.035 X rms (2) 

[0285] In addition, the value of mathematical expres- 
20 sion {2) can be further divided into two values according 
to the residual deviation value of spherical aberration 
and the wavefront aberration caused by defocusing, as 
follows: 

25 

Wcrms ^ 0.017 X rms (3) 

[0286] In this embodiment of the present invention, 
the residual deviation amount in thickness correction 

30 (thickness servo control) is defined by mathematical ex- 
pression (1 ). When recording or playback operation is 
to be performed with higher stability and reliability, the 
residual deviation amount defined by mathematical ex- 
pression (2) or (3) is preferably used. 

35 [0287] According to Morio Ogami, "Optical Disk Tech- 
nique" (1988: Radio Gijutusha) p. 62, letting n be the 
refractive index of the transparent layer, and NA be the 
numerical aperture (NA) of the objective lens, spherical 
aberration amount W 40d with respect to thickness irreg- 

40 ularity 5d of the transparent layer can be given by 

W 40d = [(n 2 -1 yen 3 ] • (NA) 4 . Sn (4) 

45 [0288] Letting d be the thickness of the transparent 
layer, spherical aberration coefficient W^ with respect 
to an increase 8n in the refractive index of the transpar- 
ent layer is given by 

= [d(NA) 4 /8n 3 ] 
x {-(n 2 -3)-(6n/n)+(n 2 -6).(8n/n) 2 } (5) 

55 [0289] In addition, total spherical aberration coeffi- 
cient W^ is given by 
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(6) 



[0290] Furthermore, according to M. Born and E. 
Wolf, "Principles of Optics IP (TOKAI UNIVERSITY 
PRESS, 1 975), p. 701 , the relationship between spher- 
ical aberration coefficient and rms value Wcrms of 
the wavefront aberration due to spherical aberration is 
expressed as 



W 40 = (0.94/0.07) Wcrms 



(7) 



[0291] In this embodiment of the present invention, 
the residual deviation in thickness correction (thickness 
servo control) is defined by the rms value of wavefront 
aberration represented by mathematical expressions 
(1) to (3). However, the present invention is not limited 
to this, and this residual deviation can also be defined 
by the spherical aberration coefficient (W 40 ) given by 
equation (7) Alternatively, the residual deviation in 
thickness correction (thickness servo control) may be 
defined by pseudo remaining thickness error amount 8d 
after thickness correction (thickness servo control) ac- 
cording to mathematical expressions (4) to (6). 
[0292] More specifically, according to mathematical 
expressions (4) and (7), residual deviation amount Sd in 
thickness error display can be defined by using 



5d = {[0.94 x 8n 3 ]/[0.07 x (n 2 -1) x (NA) 4 ]} 



x Wcrms 



(8) 



(in this case, W 40 = W^d- assuming that spherical ab- 
erration coefficient W^ for increase 5n in refractive in- 
dex). 

[0293] If the servo gain in thickness correction (thick- 
ness servo control) is represented by G, thickness irreg- 
ularity within the G-foid value of equation (8) is allowed 
(as a limit for stable image formation in the optical sys- 
tem in use) for the transparent layer of the information 
medium. In this case, G is a parameter indicating the 
magnitude of the effect of a correction function for the 
optical aberration amount caused by the thickness irreg- 
ularity or refractive index irregularity of the transparent 
layer. This correction function is represented by Wcrms. 
[0294] In this case, according to equation (8), the 
maximum allowable amount of thickness irregularity of 
the transparent layer of the information medium can be 
set as follows: 



Sd = {[0.94 X 8n 3 ]/[0.07 X (n 2 -1) X (NA) 4 ]} 



x (G • Wcrms) 



(9) 



[0295] In this case, the magnitude of servo gain G has 
no upper limit as long as stable servo operation can be 
ensured. In practice, however, the value of G is selec- 
tively set to an appropriate value between 2-fold value 

5 and 1 0,000-fold value or between 6 dB and 80b dB (con- 
sidering .other servo operations as well). 
[0296] In the above equations, for example, refractive 
index n of the transparent layer is set as follows. When 
wavelength X is 650 nm, the refractive index is set to 

10 about 1 .55. When wavelength X is 405 nm, the refractive 
index is set to about 1 .62. In addition, the NA value of 
the objective lens is set, for example, in the range of 0.6 
to 0.9, and more specifically, the range of 0.65 to 0.85 
(orNA ^ 0.65). 

15 [0297] If equation (9) is applied to the arrangement 
shown in FIG. 6 or 10 in which thickness servo control 
functions, the G-fold value of the residual deviation 
(Wcrms) of spherical aberration, i.e., the residual devi- 
ation in thickness servo control, corresponds to the 

20 thickness irregularity (6d) of the medium transparent 
layer. As long as the maximum value of this thickness 
irregularity (Sd G • Wcrms) is suppressed below a pre- 
determined standard value (e.g., ±10 jim), normal re- 
cording/playback operation can be performed by using 

25 this medium (optical disk). 

[0298] This point will be described in more detail be- 
low. When the thickness irregularity (Wcrms) of the me- 
dium transparent layer is 0.07 X rms or less (if X = 405 
nm, then 0.07 X - 28 nm), normal recording/playback 

30 operation can be performed even with servo gain G = 1 
in thickness servo control. At present, it is, however, dif- 
ficult to manage the thickness irregularity of medium 
transparent layers in mass-produced disks to 28 nm or 
less from the viewpoint of yield and the like. 

35 [0299] Assume that servo gain G is about 400 to 500. 
In this case, even if the thickness irregularity (Wcrms) 
of the medium transparent layer is allowed, up to 0.07 
X x 400 to 500 = 28 X to 35 X (if X = 405 nm, then 28 X 
= 11 urn, and 35 X = 24 ujn), normal recording/playback 

40 operation can be performed. 

[0300] Assume that G is about 1 ,000to 1 0,000. In this 
case, even if the thickness irregularity (Wcrms) of the 
medium transparent layer is allowed up to 70 X to 700 
X (if X = 405 nm, then 70 X = 28 u.m, and 700 X = 280 

45 um), normal recording/playback operation can be per- 
formed. That is, if a thickness servo system that stably 
operates with servo gain G = 1000 is designed, normal 
recording/playback operation can be performed even if 
the thickness irregularity of the medium transparent lay- 
so er is 28 \im. If a thickness servo system that stably op- 
erates with servo gain G = 10,000, normal recording/ 
playback operation can be performed even if the thick- 
ness irregularity of the mediurri transparent layer is 280 
um. 

55 [0301] Assume that the thickness servo system for an 
apparatus using a laser with X = 405 nm for recording/ 
playback operation has servo gain G = 400 to 500. Since 
the servo system can cope with thickness irregularity up 
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to 11 urn to 14 jim, it suffices if the allowable value of 
thickness irregularity of the medium transparent layer 
used in this apparatus is suppressed to ±10 p.m. 
[0302] As described above, the allowable value of the 
thickness irregularity of a medium transparent layer (al- s 
lowable value in management of thickness irregularities 
of the transparent layers of mass-produced media) can 
be increased by using the apparatus of the present in- 
vention (an optical disk drive having an arrangement like 
the one shown in FIG. 6 or 1 0 or the like) having a thick- 10 
ness servo system with large servo gain G. This makes 
it possible to greatly increase the yield of media and 
hence decrease the manufacturing cost of media. 
[0303] FIGS. 11 A and 11 B are views for explaining 
how the intensity distribution of a focused spot on a re- is 
cording surface changes due to coma when only coma 
is provided without defocusing correction (the central 
portion of the objective lens is fixed to an in-focus/just 
focus position without any aberration), and show a spe- 
cific example of a side lobe produced near a focused 20 
spot when coma is provided. 

[0304] When no coma is provided, the light intensity 
distribution of the focused spot of a laser beam on the 
recording surface of the medium has a unimodal peak 
(main peak) centered on the center of the spot surface, 2s 
as indicated by the solid curve (without coma) in FIG. 
1 1 A. The width of the unimodal peak in this case is rel- 
atively small. In this case, the "width" indicates a width 
eq uivalent to the distance from the center of the focused 
spot surface x 2 (more specifically, the 5% width, e-2 30 
width, half-width, or the like described with reference to 
FIG. 9) when the relative light intensity becomes a pre- 
determined value or less with the central peak of the fo- 
cused spot being set to "1 ". 

[0305] If slight coma is provided, as indicated by the 35 
dashed curve (with coma (small)) in FIG. 11 A, the cen- 
tral light intensity (main peak) of the center of the fo- 
cused spot is slightly lower than that without coma, and 
the width of the main peak slightly increases. In addition, 
a small sub-peak called a side lobe is produced beside 40 
the main peak. As indicated by FIG. 11B, this side lobe 
due to coma is produced in the form of a banana to be 
located beside the main peak with a circular spot shape 
(elliptic or teardrop shape depending on situations) and 
at a position where It surround part of the main peak. 45 
[0306] When larger coma is provided, as indicated by 
the short dashed curve (with coma (large)) in FIG. 11 A, 
the central light intensity (main peak) of the center of the 
focused spot surface further decreases as compared 
with the case of small coma, and the width of the main 50 
peak width further increases. In this case, the light in- 
tensity of the side lobe (sub-peak) becomes higher than 
that with small coma. 

[0307] Assume that an optical head is designed/ man- 
ufactured such that no side lobe due to the above coma 55 
is produced when a laser beam is vertically incident on 
the surface of the recording layer of a medium (or an 
objective lens is parallel to the surface of the recording 
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layer of the medium). In this case, if a iaser beam is not 
vertically incident on the surface of the recording layer 
of the medium (or the objective lens is not parallel to the 
surface of the recording layer of the medium), a side 
lobe due to the coma occurs (or increases). 
[0308] This side lobe due to coma increases as the 
tilt angle between the normal to the surface of the re- 
cording layer of the medium and a laser beam (the tilt 
angle between the surface of the recording layer of the 
medium and the objective lens) increases. That is, the 
state of occurrence of a side lobe corresponding to the 
magnitude of coma changes depending on the tilt angle 
between the normal to the surface of the recording layer 
of the medium and the laser beam. The light intensity 
and width of the focused spot of a laser beam also 
change in accordance with a change in this tilt angle. 
[0309] That is, the parallelism (or tilt) between the sur- 
face of the recording layer of the medium and the ob- 
jective lens can be detected from the state of occurrence 
of coma on the surface of the recording layer of the me- 
dium (a change in the width and/or intensity of a main 
peak depending on the magnitude of coma, the pres- 
ence/absence of a side lobe depending on the magni- 
tude of coma, a change in the intensity and/or magni- 
tude of a side lobe, and the like). In other words, the 
state of occurrence of warpage (or the state of occur- 
rence of a tilt) of the information medium (optical disk) 
can be known from the state of occurrence of coma on 
the surface of the recording layer of the medium. 
[0310] FIGS. 12A and 12B are views for explaining 
what focused spot is formed on the recording surface of 
the medium by a main beam located between a plurality 
of sub-beams with side lobes caused by coma, and also 
showing an example of a photodetection cell group for 
detecting the states of these focused spots. 
[0311] Main beam Mat the middle position in FIG. 12A 
is the Oth-order light component of a laser beam. Sub- 
beams 1 and 2 on the two sides of main beam M are 
±1 -order light components extracted from the laser 
beam by the first hologram element. Sub-beams 3 and 
4 located outside sub-beams 1 and 2 so as to sandwich 
them are other ±1 -order light components extracted 
from the laser beam by the second hologram element. 
Reference symbol G denotes a wobbling groove track 
on the optical disk (information medium); and L, a wob- 
bling land track. 

[0312] Referring to FIG. 12A, a tilt (radial tilt) in the 
lateral direction <the radial direction of the disk) can be 
detected on the basis of the states of occurrence of co- 
ma at sub-beams 1 and 2 (a change in the width and/or 
intensity of the central focused spot of each sub-beam 
depending on the magnitude of coma, a change in the 
intensity of each side lobe, and the like). 
[0313] Referring to FIG. 12A, a tilt (tangential tilt) in 
the vertical direction (the tangential direction of the disk) 
can be detected on the basis of the states of occurrence 
of coma for sub-beams 3 and 4 (a change in the width 
and/or intensity of the central focused spot of each sub- 
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beam depending on the magnitude of coma, a change 
in the intensity of each side lobe, and the like). 
[0314] The state of occurrence of an optical aberra- 
tion (wavefront aberration or spherical aberration) for 
main beam M in FIG. 1 2A and a change in light intensity 
can be detected by main beam detection cell (four-divi- 
sion cells a to d) 92 in FIG. 12B. The state of occurrence 
of an optical aberration (coma) for each of sub-beams 
1 to 4 in FIG. 12A and a change in the light intensity of 
each sub-beam can be detected by sub-beam detection 
cells (two-division cells e to I) 93 to 99. 
[0315] FIG. 13 is a view for explaining the arrange- 
ment of an apparatus (the main part of an optical disk 
drive or recording/playback apparatus) having a means 
(tilt servo system) for suppressing the influence of the 
warpage (radial tilt in the radial direction of the disk and 
tangential tilt in the circumferential direction of the disk) 
of an information medium (optical disk) by using a plu- 
rality of sub-beams with side lobes due to coma. The 
apparatus arrangement shown in FIG. 13 corresponds 
to the apparatus arrangement in FIG. 6 to which a tilt 
servo system using coma is added. Therefore, portions 
associated with coma and tilt servo control will be mainly 
described below. 

[0316] The laser beam emitted from laser source 10 
formed by a laser diode and the like is collimated by col- 
limator lens 40B. The collimated laser beam is then in- 
cident on hologram element 20B. Different holograms 
are formed on the upper and lower surfaces of hologram 
element 20B. These holograms serve to give a prede- 
termined optical aberration (coma in this case) to an in- 
cident laser beam. 

[0317] The Oth-order straight light component that is 
not diffracted by hologram element 20B passes through 
an optical system having an arrangement similar to that 
in FIG. 6 and forms the circular focused spot of main 
beam M on the surface of the recording layer of the me- 
dium. In this case, the optical system (50 to 60) in FIG. 
1 3 may have an arrangement similarto that of the optical 
system (50 to 60) in FIG. 6. The optical system in FIG. 
1 3 further includes an actuator (radial tilt correction driv- 
ing coil 72 and tangential tilt correction driving coil 74) 
for tilt servo control. More specifically, the tilt direction 
and amount of the optical system (50 to 60) in FIG. 13 
in the radial direction of the medium (disk) can be arbi- 
trarily changed by changing the amount and direction of 
current supplied to radial tilt correction driving coil 72. 
In addition, the tilt direction and amount of the optical 
system (50 to 60) in FIG. 13 in the circumferential direc- 
tion of the medium (disk) can be arbitrarily changed by 
changing the amount and direction of current supplied 
to tangential tilt correction driving coil 74. 
[0318] The ±1 st-order light components diffracted by 
the hologram on the upper surface (on the laser source 
1 0 side) of hologram element 20B are given coma in the 
radial direction of medium (optical disk) 100. As a con- 
sequence, as shown in FIG. 13 or 12A, the focused 
spots of sub-beams 1 and 2 accompanied by side lobes 



are formed on the surface of the recording layer of the 
medium on the two sides of the focused spot of main 
beam M. Aberrations (coma) with opposite polarities are 
given to these sub-beams 1 and 2 in advance, like sub- 

5 beams A and B (FIG. 6), by the hologram on the upper 
surface of hologram element 20B. 
[0319] As a result, when a tilt occurs to increase the 
coma for one beam (e.g. , sub-beam 1 ), the coma for the 
other beam (sub-beam 2) decreases, whereas when a 

10 tilt occurs to decrease the coma for one beam (sub- 
beam 1), the coma for the other beam (sub-beam 2) in- 
creases. When this relationship is applied to the graph 
of FIG. 11 A, the following can be concluded. When a tilt 
occurs in the radial direction, the side lobe of sub-beam 

15 1 (or sub-beam 2) increases, while the side lobe of sub- 
beam 2 (or sub-beam 1) decreases. 
[0320] The ±1 st-order light components diffracted by 
the hologram on the lower surface (on the beam splitter 
30 side) of hologram element 20B are given coma in the 

20 circumferential direction (tangential direction) of medi- 
um (optical disk) 100. As a result, as shown in FIG. 13 
or 1 2A, the focused spots of sub-beams 3 and 4 accom- 
panying side lobes are formed on the surface of the re- 
cording layer of the medium outside the focused spots 

25 of sub-beams 1 and 2 so as to sandwich them. Aberra- 
tions (coma) with opposite polarities are given to outer 
sub-beams 3 and 4 in advance, like inner sub-beams 1 
and 2, by the hologram on the lower surface of hologram 
element 20B. 

30 [0321] As a result, when a tilt occurs to increase the 
coma for one beam (e.g. , sub-beam 3), the coma for the 
other beam (sub-beam 4) decreases, whereas when a 
tilt occurs to decrease the coma for one beam (sub- 
beam 3), the coma of the other beam (sub-beam 4) in- 

35 creases. When this relationship is applied to the graph 
of FIG. 1 1 A, the following can be concluded. When a tilt 
occurs in the tangential direction, the side lobe of sub- 
beam 3 (or sub-beam 4) increases, while the side lobe 
of sub-beam 4 (or sub-beam 3) decreases. 

40 [0322] Increases/decreases in the side lobes of sub- 
beams 1 and 2 can be detected by the two-division cells 
of sub-beam 1 detection cell 93 and sub-beam 2 detec- 
tion cell 95. Likewise, increases/decreases in the side 
lobes of sub-beams 3 and 4 can be detected by the two- 

45 division cells of sub-beam 3 detection cell 97 and sub- 
beam 4 detection cell 99. 

[0323] The apparatus in FIG. 1 3 is adjusted such that 
the main peak and/or side lobe of sub-beam 1 detected 
by the two-division cells of sub-beam 1 detection cell 93 

50 becomes equal to the main peak and/or side lobe of sub- 
beam 2 detected by the two-division cells of sub-beam 
2 detection cell 95 when there is no tilt in the radial di- 
rection of the medium (disk) (this adjustment is also 
made in consideration of a phenomenon in which when 

55 there is no tilt in the radial direction, no side lobes of 
sub-beams 1 and 2 are produced or the sizes of side 
lobes are minimized). 

[0324] Likewise, the apparatus in FIG. 13 is adjusted 
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such that the main peak and/or side lobe of sub-beam 
3 detected by the two-division cells of sub-beam 3 de- 
tection cell 97 becomes equal to the main peak and/or 
side lobe of sub-beam 4 detected by the two-division 
cells of sub-beam 4 detection cell 99 when there is no 
tilt in the circumferential direction of the medium (disk) 
(this adjustment is also made in consideration of a phe- 
nomenon in which when there is no tilt in the circumfer- 
ential direction, no side lobes of sub-beams 3 and 4 are 
produced or the sizes of side lobes are minimized). 
[0325] The tilt servo system in the radial direction has 
the following arrangement. The photodetection outputs 
obtained by the two-division cells of sub-beam 1 detec- 
tion cell 93 are input to differential amplifier (subtracter) 
701. The photodetection outputs obtained by the two- 
division cells of sub-beam 2 detection cell 95 are input 
to differential amplifier -(subtracter) 702. The outputs 
from differential amplifiers 701 and 702 are input to dif- 
ferential amplifier (comparator) 705. 
[0326] If the state of sub-beam 1 detected by the two- 
division cells of sub-beam 1 detection cell 93 is identical 
to the state of sub-beam 2 detected by the two-division 
cells of sub-beam 2 detection cell 95, the two signals 
input to differential amplifier 705 are at the same level. 
In this case, the output from differential amplifier 705 is 
zero (or a minimum value). 

[0327] Since comae with opposite polarities are given 
to sub-beams 1 and 2 in advance, when a tilt (radial tilt) 
occurs in the radial direction of the medium (disk), the 
main peak of one sub-beam decreases, and its side lobe 
increases, whereas the main peak of the other sub- 
beam increases, and its side lobe decreases. As a con- 
sequence, the levels of the two signals input to differen- 
tial amplifier 705 change in accordance with the direc- 
tion and magnitude of the radial tilt that has occurred. 
As a result, differential amplifier 705 outputs a radial tilt 
servo control signal having a polarity corresponding to 
the direction of the radial tilt and a magnitude corre- 
sponding to the magnitude of the radial tilt. 
[0328] When this control signal is current-amplified by 
amplifier 707 as needed and supplied to radial tilt cor-" 
rection driving coil 72, the optical system (50 to 60) tilts 
in the direction to decrease the radial tilt that has oc- 
curred (the tilt between the optical system and the sur- 
face of the recording layer of the disk in the radial direc- 
tion). This operation is repeated until the output from dif- 
ferential amplifier 705 becomes zero (minimized). The 
tilt servo system in the radial direction is implemented 
by this operation. 

[0329] The tilt servo system in the tangential direction 
has the following arrangement. The photodetection out- 
puts obtained by the two-division cells of sub-beam 3 
detection cell 97 are input to differential amplifier (sub- 
tracter) 703. The photodetection outputs obtained by the 
two-division cells of sub-beam 4 detection cell 99 are 
input to differential amplifier (subtracter) 704. The out- 
puts from differential amplifiers 703 and 704 are input 
to differential amplifier (comparator) 706. 



[0330] If the state of sub-beam 3 detected by the two- 
division cells of sub-beam 3 detection cell 97 is identical 
to the state of sub-beam 4 detected by the two-division 
■ cells of sub-beam 4 detection cell 99, the two signals 
5 input to differential amplifier 706 are at the same level. 
In this case, the output from differential amplifier 706 is 
zero (or a minimum value). 

[0331] Since comae having opposite polarities are 
given to sub-beams 3 and 4, when a tilt (tangential tilt) 
10 occurs in the circumferential direction of the* medium 
(disk), the main peak of one sub-beam decreases, and 
its side lobe increases. In addition, the main peak of ( the 
other sub-beam increases, and its side lobe decreases. 
As a consequence, the levels of two signals input to dif- 

15 ferential amplifier 706 change in accordance with the di- 
rection and magnitude of the tangential tilt that has oc- 
curred. As a result, drfferential amplifier 706 outputs a 
tangential servo control signal having a polarity corre- 
sponding to the direction of the tangential tilt and corre- 

20 sponding to the magnitude of the tangential tilt. 

[0332] When this control signal is current-amplified by 
amplifier 708 as needed and supplied to tangential tilt 
correction driving coil 74, the optical system (50 to 60) 
tilts in the direction to decrease the tangential tilt that 

25 has occurred (the tilt between the optical system and 
the surface of the recording layer of the disk in the tan- 
gential direction). This operation is repeated until the 
output from differential amplifier 706 becomes zero 
(minimized). The tilt servo system in the tangential di- 

30 rection is implemented by this operation. 

[0333] Tilt detection/correction control circuit system 
(tilt servo system) 700 in FIG. 13 is comprised of a first 
circuit group (701 , 702, 705, 707) constituting the above 
radial tilt servo system and a second circuit group (703, 

35 704, 706, 708) constituting the tangential tilt servo sys- 
tem. 

[0334] FIG. 14 shows an example of how each of the 
radial tilt servo system and tangential tilt servo system 
in FIG. 13 is formed to have an arrangement similar to 

^o that of the thickness servo system in FIG. 7. 

[0335] Two-division cell outputs from sub-beam 1 de- 
tection cell 93 and two-division cell outputs from sub- 
beam 2 detection cell 95 are supplied to a first circuit 
block group having an arrangement similar to that of the 

-*5 internal circuit (217, 218, 221, 222, 241, 242, 261, 262, 
225, 273, 283) of the thickness servo system in F r IG. 7. 
The connection relationship between the respective 
blocks constituting the first circuit block group may be 
the same as that in an internal circuit (217. 218, 221 , 

50 222, 241 , 242, 261 , 262, 225, 273, 283) corresponding 
to the thickness servo system in FIG. 7. An output from 
the first circuit block group is supplied as a control output 
for the radial tilt servo system to radial tilt correction driv- 
ing coil 72. 

55 [0336] Likewise, two-division cell outputs from sub- 
beam 3 detection cell 97 and two-division cell outputs 
from sub-beam 4 detection cell 99 are supplied to a sec- 
ond circuit block group having an arrangement similar 
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to that of the internal circuit (21 7, 21 8, 221 , 222, 241 , 
242, 261 , 262, 225, 273, 283) of the thickness servo sys- 
tem in FIG. 7. The connection relationship between the 
respective blocks constituting the second circuit block 
group may be the same as that in an internal circuit (21 7, 
218, 221 , 222, 241 , 242, 261 , 262, 225, 273, 283) cor- 
responding to the thickness servo system in FIG. 7. An 
output from the second circuit block group is supplied 
as a control output for the tangential tilt servo system to 
tangential tilt correction driving coil 74. 
[0337] Tilt detection/correction control circuit system 
(tilt servo system) 700 in FIG. 14 is constituted by the 
first circuit block group of the radial tilt servo system and 
the second circuit block group of the tangential tilt servo 
system. 

[0338] In the embodiment shown in FIG. 6, since a 
nonparallel laser beam before collimation is input to 
hologram element 20A, the focused spots of sub-beam 
A, main beam M, and sub-beam B are arrayed obliquely. 
In contrast to this, in the embodiment shown in FIG. 14 
(or FIG. 13 described above), since a collimated laser 
beam is input to hologram element 20B, the focused 
spots of sub-beam 3, sub-beam 1 , main beam M, sub- 
beam 2, and sub-beam 4 are arrayed straight. For this 
reason, the array of beam detection cell groups 92 to 99 
constituting photodetector 90B is straight in correspond- 
ence with the array of the focused spots of sub-beam 3, 
sub-beam 1 , main beam M, sub-beam 2, and sub-beam 
4. 

[0339] With this straight array, thickness servo control 
using spherical aberration described with reference to 
FIGS. 8A to 8C can be implemented as well as the 
above radial tilt servo control and/or tangential tilt servo 
control. As sub-beams used for this thickness servo 
control, sub-beams 1 and 2 (or sub-beams 3 and 4) can 
be used in the arrangement shown in FIG. 14 (or FIG. 
13). In this case, photodetection outputs corresponding 
to sub-beams 1 and 2 (or sub-beams 3 and 4) may be 
supplied to thickness servo system 500. 
[0340] If, for example, sub-beams 1 and 2 are applied 
to the arrangement in FIG. 7, thickness servo control 
(transparent layer thickness irregularity correction oper- 
ation) functions such that the focused spot area of sub- 
beam 1 (the focused spot area of the main peak + side 
lobe area) and the focused spot area of sub-beam 2 (the 
focused spot area of the main peak + side lobe area) to 
which spherical aberrations with opposite polarities are 
given in advance. become equal to each other. 
[0341] Considering a state where the side lobe of 
each sub-beam is eliminated as a result of tilt servo con- 
trol (i.e., correction is performed to make the objective 
lens and the surface of the recording layer of the medi- 
um become parallel to each other), thickness servo op- 
eration in the arrangement shown in FIG. 14 (or FIG. 
13) is substantially the same as that in the arrangement 
shown in FIG. 6. 

[0342] In the arrangement shown in FIG. 13 (or FIG. 
14 to be described later), collimator lens 40B between 



laser source 1 0 and hologram element 20B may be con- 
figured to move between beam splitter 30 and the thick- 
ness irregularity correction lens system, as shown in 
FIG. 6. In this case, since a laser beam incident from 

5 laser source 1 0 onto hologram element 20B is nonpar- 
allel the.focused spots formed on the surface of the re- 
cording layer of the medium do not form a straight array 
as shown in FIG. 13 (or FIG. 14 or 12), but form an ob- 
lique array with respect to the track running direction as 

10 shown in FIG. 6 (or FIG. 8) (the degree to which the ob- 
lique array tilts depends on the design of each product). 
[0343] If photodetection outputs corresponding to 
sub-beams 1 and 2 (or sub-beams 3 and 4) arrayed ob- 
liquely in this manner are applied to the arrangement in 

15 FIG. 7, thickness servo system 500 can be formed. In 
addition, a differential push-pull signal used by tracking 
servo system 400 can be obtained from these sub-beam 
detection outputs, and a crosstalk cancel signal used by 
playback signal detection circuit system 300 can be ob- 

20 tained. 

[0344] Coma detection characteristics based on a co- 
ma detection method (used in tilt servo control) will be 
described next with reference to FIGS. 15 to 18. In this 
case, wavelength X in use in a playback optical system 

25 is set to 405 nm, the NA value of the objective lens is 
set to 0.70, and refractive index n of the medium trans- 
parent layer is set to 1.67 (or 1 .62). In addition, for an 
playback-only information medium, a playback signal 
from an embossed pit array in a fine recess/projection 

30 (embossed) shape is used, and the track pitch is set to 
0.32 urn For a recordable/ playable information medi- 
um, land/groove recording is a prerequisite. In this me- 
dium, the level difference between each land and each 
groove is set to X/8n (or X/6n); the duty ratio between 

35 each land and each groove, 50%; the wobble amplitude, 
±10 nm; and the thickness of the medium transparent 
layer, 0.6 mm. 

[0345] FIG. 15 is a graph showing an example of the 
relationship between the degree of warpage (radial tilt 

40 amount) of an information medium (optical disk) in the 
radial direction and the wobble detection signal ampli- 
tude or embossed pit playback signal amplitude. Refer- 
ring to FIG. 1 5, the solid curve descending to the lower 
right indicates the wobble detection signal amplitude 

45 (recording/playback disk), and the ordinate on the left 
side indicates its magnitude. The dashed line descend- 
ing to the lower right indicates the embossed pit play- 
back signal amplitude (playback-only disk), and the or- 
dinate on the right side indicates its magnitude. 

50 [0346] FIG. 15 shows an example of how the "detec- 
tion signal amplitude from a wobble groove" and "em- 
bossed pit playback signal amplitude" which are ob- 
tained from sub-beams (1 , 2) change with respect to the 
tilt amount (radial tilt amount) of information medium 

55 (disk) 100 in the radial direction in a case wherein no 
aberration (coma) is given to the sub-beams (1, 2). 
[0347] As described above, as the focused spot size 
decreases, the detection signal amplitude from a wob- 
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ble groove of a recording track increases (in a recording/ 
playback disk), and the playback signal amplitude from 
a recorded mark or embossed pit in the form of a recess/ 
projection increases (in a playback-only disk). This phe- 
nomenon is also shown in FIG. 15. That is, as the tilt 5 
amount increases, the focused spot shape becomes el- 
liptic and the spot size increases in the elongating direc- 
tion. Therefore, as the tilt amount increases, the "detec- 
tion signal amplitude from the wobble groove" and em- 
bossed pit playback signal amplitude" decrease. (The 10 
direction in which the radial tilt amount increases in FIG. 
15 may be regarded as the direction in which the fo- 
cused spot size increases). 

[0348] The example shown in FIG. 15 indicates the 
following. In either recording/playback disk or playback- is 
only disk, as the tilt amount increases, the focused spot 
size increases, resulting in a reduction in corresponding 
detection signal. The degree of change in detection sig- 
nal with a change in tilt amount varies depending on the 
magnitude of the tilt amount. In some range of changes 20 
in tilt amount {0.1° or less or 0.7° or more), the detection 
signal does not change much even with a change in tilt 
amount. In the other range of changes in tilt amount 
(about 0.2° to 0.6°), the detection signal changes with 
high sensitivity with a change in tilt amount. 25 
[0349] To efficiently detect a change in tilt amount 
from a change in the above detection signal ("detection 
signal amplitude from wobble groove" and/or "em- 
bossed pit playback signal amplitude"), a portion exhib- 
iting a high rate of change in detection signal with a 30 
change in tilt amount (a large gradient portion of the solid 
or dashed curve in FIG. 15) is preferably used. In the 
case shown in FIG. 15, to use a portion exhibiting a high 
rage of change in detection signal with a change in tilt 
amount, coma may be given to sub-beams (1 , 2) in ad- 35 
vance by using hologram element 20B in FIG. 13 or 14 
such that signal detection is performed near 0.4° (the 
range of about ±0.3° with respect to 0.3° to 0.5° from a 
broad point of view). 

[0350] Assume that a coma of about 0.3° to 0.5° *o 
(more specifically, about 0.4°) is given to sub-beams (1 , 
2) in advance by using hologram element 20B in FIG. 
1 3 or 1 4. In this case, when the parallelism between the 
objective lens and the recording surface of the disk de- 
teriorates, a relatively large tilt amount is detected ac- 45 
cordingly. As a consequence, a control current of a mag- 
nitude and direction corresponding to this detected tilt 
amount is supplied from tilt servo system 700 to radial 
tilt correction driving coil 72, thereby performing servo 
operation to restore the parallelism between the objec- so 
tive lens and the recording surface of the disk. 
[0351] Tilt servo system 700 in FIG. 13 or 14 which 
performs such radial tilt servo operation may be de- 
signed to perform normal information recording or play- 
back even with, for example, a maximum tilt of ±0.7° in 55 
the radial direction of information medium {disk) 1 00. 
[0352] FIG. 1 6 is a graph showing an example of the 
relationship between the degree of warpage (radial tilt 



amount) of an information medium (disk) in the radial 
direction and the detection signal based on a difference 
signal from a wobble groove or the detection signal 
based on a sum signal from an embossed pit. Referring 
to FIG. 16, the solid curve descending to the lower right 
represents the detection signal (recording/playback 
disk) based on the difference signal from the wobbHe 
groove, and the ordinate on the right side indicates its 
magnitude. The dashed curve descending to the lower 
right represents the detection signal (playback-only 
disk) based on the sum signal from the embossed pit, 
and the ordinate on the right side indicates its magni- 
tude. 

[0353] FIG. 16 shows an example of how the "detec- 
tion signal based on the difference signal from the wob- 
ble groove" and "playback signal based on the em- 
bossed pit sum signal", which are obtained from sub- 
beams (1 , 2), change in accordance with the tilt amount 
(radial lilt amount) of information medium (disk) 100 in 
the radial direction when no aberration (coma) is given 
to the sub-beams (1 , 2). 

[0354] Tilt servo system 700 using the changes 
shown in FIG. 15 can use the detection result obtained 
by sub-beam detection cell 93 or 95 without any change. 
Tilt servo system 700 using the changes shown in FIG. 
1 6 uses the difference between the detection results ob- 
tained by sub-beam detection cells 93 and 95 (for a re- 
cording/playback disk having wobble grooves) or the 
sum of the detection results obtained by sub-beam de- 
tection cells 93 and 95 (for a playback-only disk having 
embossed pits). In this case, assuming that the total light 
amount of one sub-beam (the light amount of the main 
peak + the light amount of the slide lobe) is "1", a point 
where the difference (or sum) between the detection sig- 
nals from sub-beam detection cells 93 and 95 becomes 
zero without any radial tilt of the disk is set at the starting 
point of radial tilt servo operation. 
[0355] As described above, sub-beams (1 , 2) are giv- 
en in advance comae with opposite polarities by holo- 
gram element 20B in FIG. 13 or 14. For this reason, 
when a radial tilt occurs, the coma for one sub-beam is 
canceled out by the radial tilt, and the coma for the other 
sub-beam is increased. As a consequence, tilt servo 
system 700 obtains the "detection signal based on a dif- 
ference signal from the wobble groove" or "playback sig- 
nal based on a sum signal from the embossed pit" with 
a polarity and magnitude corresponding to the detection 
amount of tilt caused. When a control current corre- 
sponding to the "detection signal based on the differ- 
ence signal from the wobble groove" or "playback signal 
based on the embossed pit sum signal" is supplied to 
radial tilt correction driving coil 72, servo operation is 
performed to cancel out the radial tilt. 
[0356] The example shown in FIG. 16 indicates the 
following. In either case where a difference signal from 
a wobble groove is used for tilt detection or case where 
an embossed pit sum signal is used for tilt detection, the 
radial tilt detection signal characteristics of the informa- 
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tion medium can be stably obtained over a wide range 
of ±0.35° or more. Therefore, normal information re- 
cording/playback can be performed by tilt servo system 
700 in FIG. 13 or 14 which performs radial tilt servo op- 
eration using the changes shown in FIG. 1 6 even if a tilt 
of ±0.35° or more occurs in the radial direction of Infor- 
mation medium (disk) 100. 

[0357] FIG. 17 is a graph showing an example of the 
relationship between the degree of warpage (tangential 
tilt amount) of an information medium (optical disk) in 
the circumferential direction and the wobble detection 
signal amplitude or embossed pit playback signal am- 
plitude. Referring to FIG. 17, the solid curve descending 
to the lower right indicates the wobble detection signal 
amplitude (recording/playback disk), and the ordinate 
on the left side indicates its magnitude. The dashed line 
descending to the lower right indicates the embossed 
pit playback signal amplitude (playback-only disk), and 
the ordinate on the right side indicates its magnitude. 
[0358] FIG. 17 shows an example of how the "detec- 
tion signal amplitude from a wobble groove" and "em- 
bossed pit playback signal amplitude" which are ob- 
tained from sub-beams (3, 4) change with respect to the 
tilt amount (tangential tilt amount) of information medi- 
um (disk) 100 in the circumferential direction in a case 
wherein no aberration (coma) is given to the sub-beams 
(3, 4). 

[0359] As described above, as the focused spot size 
decreases, the detection signal amplitude from a wob- 
ble groove of a recording track increases (in a recording/ 
playback disk), and the playback signal amplitude from 
a recorded mark or embossed pit in the form of a recess/ 
projection increases (in a playback-only disk). This phe- 
nomenon is also shown in FIG. 17. That is, as the tilt 
amount increases, the focused spot shape becomes el- 
liptic and the spot size increases in the elongating direc- 
tion. Therefore, as the tilt amount increases, the "detec- 
tion signal amplitude from the wobble groove" and em- 
bossed pit playback signal amplitude" decrease. (The 
direction in which the tangential tilt amount increases in 
FIG. 17 may be regarded as the direction in which the 
focused spot size increases). 

[0360] The example shown in FIG. 17 indicates the 
following. In either recording/playback disk or playback- 
only disk, as the tilt amount increases, the focused spot 
size increases, resulting in a reduction in corresponding 
detection signal. The degree of change in detection sig- 
nal with a change in tilt amount varies depending on the 
magnitude of the tilt amount. In some range of changes 
in tilt amount (0.2° or less or 0.8° or more), the detection 
signal does not change much even with a change in tilt 
amount. In the other range of changes in tilt amount 
(about 0.3° to 0.7°), the detection signal changes with 
high sensitivity with a change in tilt amount. 
[0361] To efficiently detect a change in tilt amount 
from a change in the above detection signal ("detection 
signal amplitude from wobble groove" and/or "em- 
bossed pit playback signal amplitude"), a portion exhib- 



iting a high rate of change in detection signal with a 
change in tilt amount (a large gradient portion of the solid 
or dashed curve in FIG. 17) is preferably used. In the 
case shown in FIG. 1 7, to use a portion exhibiting a high 

5 rage of change in detection signal with a change in tilt 
amount, coma may be given to sub-beams (3, 4) in ad- 
vance by using hologram element 20B in FIG. 13 or 14 
such that signal detection is performed near 0.5° (the 
range of about ±0.4° with respect to 0.4° to 0.6° from a 

10 broad point of view). 

[0362] Assume that a coma of about 0.4° to 0.6° 
(more specifically, about 0.5°) is given to sub-beams (3, 
4) in advance by using hologram element 20B in FIG. 
1 3 or 1 4. In this case, when the parallelism between the 

15 objective lens and the recording surface of the disk de- 
teriorates, a relatively large tilt amount is detected ac- 
cordingly. As a consequence, a control current of a mag- 
nitude and direction corresponding to this detected tilt 
amount is supplied from tilt servo system 700 to tangen- 

20 tial tilt correction driving coil 74, thereby performing ser- 
vo operation to restore the parallelism between the ob- 
jective lens and the recording surface of the disk. 
[0363] Tilt servo system 700 in FIG. 13 or 14 which 
performs such tangential tilt servo operation may be de- 

25 signed to perform normal information recording or play- 
back even with, for example, a maximum tilt of-±0.3° in 
the tangential direction of information medium (disk) 
100. 

[0364] FIG. 1 8 is a graph showing an example of the 
30 relationship between the degree of warpage (tangential 
tilt amount) of an information medium (disk) in the cir- 
cumferential direction and th e detection signal based on 
a difference signal from a wobble groove or the detec- 
tion signal based on a sum signal from an embossed 
35 pit. Referring to FIG. 18, the solid curve descending to 
the lower right represents the detection signal (record- 
ing/playback disk) based on the difference signal from 
the wobble groove, and the ordinate on the right side 
indicates its magnitude. The dashed curve descending 
40 to the lower right represents the detection signal (play- 
back-only disk) based on the sum signal from the em- 
bossed pit, and the ordinate on the right side indicates 
its magnitude. 

[0365] FIG. 1 8 shows an example of how the "detec- 
45 tion signal based on the difference signal from the wob- 
ble groove" and "playback signal based on the em- 
bossed pit sum signal", which are obtained from sub- 
beams (3, 4), change in accordance with the tilt amount 
(tangential tilt amount) of information medium (disk) 100 
50 in the circumferential direction when no aberration (co- 
ma) is given to the sub-beams (3, 4). 
[0366] Tilt servo system 700 using the changes 
shown in FIG. 17 can use the detection result obtained 
by sub-beam detection cell 97 or 99 without any change. 
55 Tilt servo system 700 using the changes shown in FIG. 
1 8 uses the difference between the detection results ob- 
tained by sub-beam detection cells 97 and 99 (for a re- 
cording/playback disk having wobble grooves) or the 
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sum of the detection results obtained by sub-beam de- 
tection cells 97 and 99 (for a playback-only disk having 
embossed pits). In this case, assuming that the total light 
amount of one sub-beam (the light amount of the main 
peak + the light amount of the slide lobe) is "1 ", a point 
where the difference (or sum) between the detection sig- 
nals from sub-beam detection cells 97 and 99 becomes 
zero without any tangential tilt of the disk is set at the 
starting point of tangential tilt servo operation. 
[0367] As described above, sub-beams (3, 4) are giv- 
en in advance comae with opposite polarities by holo- 
gram element 20B in FIG. 13 or 14. For this reason, 
when a tangential tilt occurs, thecoma for one sub-beam 
is canceled out by the tangential tilt, and the coma for 
the other sub-beam is increased. As a consequence, tilt 
servo system 700 obtains the "detection signal based 
on a difference signal from the wobble groove" or "play- 
back signal based on a sum signal from the embossed 
pit" with a polarity and magnitude corresponding to the 
detection amount of tilt caused. When a control current 
corresponding to the "detection signal based on the dif- 
ference signal from the wobble groove" or "playback sig- 
nal based on the embossed pit sum signal" is supplied 
to tangential tilt correction driving coil 74, servo opera- 
tion is performed to cancel out the tangential tilt. 
[0368] The example shown in FIG. 18 indicates the 
following. In either case where a difference signal from 
a wobble groove is used for tilt detection or case where 
an embossed pit sum signal is used for tilt detection, the 
tangential tilt detection signal characteristics of the in- 
formation medium can be stably obtained over a wide 
range of ±0.5° or more. Therefore, normal information 
recording/playback can be performed by tilt servo sys- 
tem 700 in FIG. 13 or 14 which performs tangential tilt 
servo operation using the changes shown in FIG. 18 
even if a tilt of ±0.3° to ±0.5° or more occurs in the tan- 
gential direction of information medium (disk) 100. 
[0369] No method has been known before the present 
invention, which can separately and accurately detect 
the tilt amounts of an information medium (disk) in biax- 
ial directions, i.e.. the radial direction and circumferen- 
tial (tangential) direction before the present invention. 
Tilt amounts in the biaxial directions can be separately 
and accurately detected by using the principle of the em- 
bodiment of the present invention (the tilt detection or 
tilt servo system using coma) described with reference 
to FIGS. 11 to 18. 

[0370] FIG. 1 9 is a block diagram showing a tracking 
servo system, thickness servo system, focusing servo 
system, and tilt servo system which are independent of 
each other in a case where the arrangement shown in 
FIG. 6 is combined with the arrangement shown in FIG. 
13 or 14 (in this case, single-sided hologram element 
20A in FIG. 6 is replaced with double-sided hologram 
element 20C, and beam detection cells 92 to 99 in FIG. 
1 3 or 1 4 are arranged obliquely like beam detection cells 
92 to 96 in FIG. 6). 

[0371] In the above arrangement in FIG. 13 or 14, 



since the laser beam incident on hologram element 20B 
is collimated by collimator lens 40B, two types of (four) 
sub-beams 1 to 4 generated by the first and second 
• holograms are focused on the surface of the recording 
5 layer of optical disk 1 00 linearly along the track direction 
(tangential direction). For this reason, detection cells 92 
to 99 for the focused spots (including side lobes) of sub- 
beams 1 to 4 with main beam IvT being located at the 
middle point are also aligned. 
10 [0372] If the laser beam incident on hologram element 
20B is not collimated, as in the case (sub-beams A and 
B) shown in FIG. 6, the focused spots of sub-beams 1 
to 4 are focused obliquely on the surface of the recording 
layer of optical disk 100 toward the track direction (tan- 
is gential direction) (an example of an array of focused 
spots is not shown). In this case, detection cells 92 to 
99 for the focused spots (including side lobes) of sub- 
beams 1 to 4 with main beam M being located at the 
middle point are also arranged obliquely (not shown). 

20 f0373] When detection cells 92 to 99 corresponding 
to main beam M and sub-beams 1 to 4 are arranged 
obliquely in this manner, detection signals from two or 
more cells (cells 93 and 95 and/or cells 97 and 99) of 
detection cells 92 to 99 corresponding to main beam M 

25 and sub-beams 1 to 4 can be used for the same purpose 
as for the detection signals obtained by sub-beam de- 
tection cells 94 and 96 in FIG. 6. More specifically, a 
detection signal for thickness servo control, a crosstalk 
cancel (CTC) signal, a differential push-pull (DPP) sig- 

30 nal for tracking servo control, and the like can be ex- 
tracted from detection signals from two or more cells (e. 
g. t detection signals from cells 93 and 95) of detection 
cells 92 to 99 which are obliquely arranged. 
[0374] In other words, when detection cells 92 to 99 

35 corresponding to main beam M and sub-beams 1 to 4 
are arranged obliquely, the apparatus can have the 
function of performing tilt servo control (radial tilt servo 
control and/or tangential tilt servo control) as well as the 
function of the apparatus shown in FIG. 6 (tracking servo 

40 control, thickness servo control, focusing servo control, 
DPP, CTC : and the like). In this case, the tracking servo, 
thickness servo, focusing servo, and tilt servo systems 
can be formed as independent servo systems. 
[0375] FIG. 19 shows an example of a system ar- 

45 rangement having the four types of servo systems de- 
scribed above. The detection output from defocusing 
detection section 91 0 constituted by main beam detec- 
tion four-division cell 92 in FIG. 13 or 14 is sent as an 
independent servo loop to focusing servo system 600 

50 having an arrangement like the one shown in FIG. 7. 
The detection output from defocusing detection section 
91 0 formed by main beam detection four-division cell 92 
(sub-beam detection two-division cells 1 and 2 or sub- 
beam detection two-division cells 3 and 4 when the dif- 

55 ferential push-pull method is used) is sent as an inde- 
pendent servo loop to tracking servo system 400 having 
an arrangement like the one shown in FIG. 7. The de- 
tection output from wavefront aberration {spherical ab- 
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erration) detection section 900 constituted by sub-beam 
detection two-division cells 1 and 2 (or 3 and 4) is sent 
as an independent servo loop to thickness servo system 
500 having an arrangement like the one shown in FIG. 
7. The detection output from a coma detection section 
930 formed by sub-beam detection two-division cells 1 
and 2 and/or sub-beam detection two-division cells 3 
and 4 is sent as an independent servo loop to tilt servo 
system 700 having an arrangement like the one shown 
in FIG. 14. 

[0376] FIG. 20 is a view for explaining a method of 
inspecting the thickness irregularity amount of the trans- 
parent layer of an information medium by using a wave- 
front aberration analyzer (wavefront aberration analyz- 
ing unit). This method allows the use of an existing inter- 
ferometer system (e.g., a Zeigo interferometer). In this 
system, a wavefront aberration analyzer 1014 calcu- 
lates root mean square RMS of a wavefront aberration 
factor from the optical pattern on target disk 1 00 (to be 
inspected) which is detected by CCD monitor 1012. 
[0377] More specifically, a coherent laser beam from 
lasersource 1 000 is converted into a parallel laser beam 
by collimator lens 1 002. Part of this parallel laser beam 
is incident on the recording layer (reflecting layer) of disk 
1 00 through beam splitter 1004, optical system 1006 for 
suppressing optical aberrations, objective lens 1008, 
and the transparent protective layer of target disk 1 00. 
The laser beam is then reflected by the recording layer. 
The other part of the parallel laser beam is sent to mirror 
1010 from beam splitter 1004 and reflected by it. 
[0378] The spot size of the parallel laser beam ob- 
tained from laser source 1000 through collimator lens 
1 002 is increased up to the pupil diameter of objective 
lens 1008. The wavefront aberration of objective lens 
1008 is managed within 0.02 X.rms. In addition, optical 
system 1006 placed between beam splitter 1004 and 
objective lens 1008 is calibrated by a standard optical 
disk whose thickness is accurately managed to a spec- 
ified value (0.1 mm in this case) such that the total wave- 
front aberration of the optical system is managed within 
0.01 X rms (management values of 0.01 X rms and 0.02 
X rms are sample values of wavefront aberrations, and 
hence other wavefront aberration values may be arbi- 
trarily used). In addition, a blue laser whose wavelength 
X is, for example, 405 ±10 nm is used as laser source 
1000, and an objective lens whose numerical value NA 
is, for example, 0.85 ± 0.01 is used as objective lens 
1008 (A.= 405 nm and NA = 0.85 are merely examples, 
and hence other values may be arbitrarily used as X and/ 
or NA). 

[0379] The laser beam reflected by the recording lay- 
er (reflecting layer) of disk 1 00 is guided to the light-re- 
ceiving surface (not shown) of CCD monitor 1012 
through the transparent layer of disk 1 00, objective lens 
1008, optical system 1006, and beam splitter 1004. 
Meanwhile, the laser beam reflected by mirror 1010 is 
also sent to the light-receiving surface (not shown) of 
CCD monitor 1012 through beam splitter 1004. The la- 



ser beam (influenced by the optical aberration caused 
by the optical system and disk transparent layer) reflect- 
ed by the recording layer (reflecting layer) of disk 1 00 
interferes with the laser beam reflected by mirror 1010 
5 to produce an interference fringe pattern reflecting the 
influence of the optical aberration. This interference 
fringe pattern is projected onto the light-receiving sur- 
face of CCD monitor 1012. 

[0380] The interference fringe pattern (optical pattern) 

10 projected on the light-receiving surface of CCD monitor 
1012 is analyzed by wavefront aberration analyzer 
1014. Spherical aberration components due to the thick- 
ness irregularity and/or refractive index irregularity of 
the disk transparent layer are extracted from the analy- 

15 sis result and output. The data output from wavefront 
aberration analyzer 1 01 4 in this manner is the rms value 
of spherical aberration including the influence of aber- 
rations in the double-path with respect to the transparent 
layer of disk 100. A noncontacl, nondestructive inspec- 

20 tion can be made on the thickness irregularity of the 
transparent protective layer of target disk 100 by con- 
verting the double-path data (the rms value of spherical 
aberration) obtained in this case into single-path data (a 
method of conversion to single-path data will be de- 

25 scribed later with reference to FIG. 21). 

[0381] Although the system in FIG. 20 requires accu- 
rately calibrated optical system 1 006 and objective lens 
1008 with a small aberration, proven existing devices 
can be used as CCD monitor 1 012, wavefront aberration 

30 analyzer 1014, and the like. This makes it possible to 
construct a highly reliable system at a relatively low cost. 
[0382] FIG. 21 is a graph showing the relationship be- 
tween the rms value (Warns) of wavefront aberration 
(spherical aberration) obtained by the inspection meth- 

35 od in FIG. 20 and thickness irregularity amount 5d of the 
medium transparent layer. The output data from wave- 
front aberration analyzer 1014 in FIG. 20 is obtained 
from the laser beam that has made a double trip to the 
disk transparent layer, and has a relationship like that 

40 indicated by the solid curve (double-path) in FIG. 21 . 
Substitution of predetermined values into refractive in- 
dex n and numerical aperture NA in equation (8) given 
above yields 5d = k • Wcrms (k is a proportional con- 
stant). The dashed curve (single-path) in FIG. 21 repre- 
ss sents the relationship of 6d = k • Wcrms. 

[0383] Referring to FIG. 21 , the solid curve with the 
large gradient indicates an example of the relationship 
between Wcrms and 8d in the double-path (reciprocal 
optical path of the laser beam passing through the disk 

50 transparent layer) when the rim intensity is set to "1" 
(RIM Int. - 1). In this case, the rim intensity "1" (RIM Int. 
. = 1 ) indicates a case where the intensity of light at the 
outmost periphery of the aperture portion of the objec- 
tive lens pupil becomes "1" when the central intensity of 

55 incident light passing through the objective lens is "1". 
That is, the rim intensity "1" (RIM Int. = 1) indicates a 
case where light with uniform intensity is incident on the 
overall objective lens pupil. 
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[0384] The dashed curve with the small gradient indi- 
cates an example of the relationship between Wcrms 
and 6d in the single-path (a single optical path of the 
laser beam passing through the disk transparent layer) 
when the rim intensity is adjusted according to an optical 
head for evaluation. Referring to FIG. 21, if the condi- 
tions remain unchanged, the gradient of the dashed 
curve corresponding to the single-path becomes 1/2 
that of the solid curve corresponding to the double-path. 
Therefore, the data obtained by wavefront aberration 
analyzer 1 01 4 in the case of the double-path can be eas- 
ily converted into data in the single-path (by only reduc- 
ing the double-path data to 1/2). 
[0385] Letting "A" be the diameter (Aperture) of the 
objective lens pupil and "W" be the "e-2 width" when the 
central intensity of incident light passing through the ob- 
jective lens is "1" (the width of a portion where the light 
intensity becomes "exp(-2)'\ i.e., 0.135334... when the 
central intensity of a focused spot is "1"), "A/W" can be 
used in the same manner as the rim intensity (RIM Int.). 
This "A/W tt will be referred to as a beam filling ratio. 
[0386] When light exhibiting a uniform intensity distri- 
bution from the center of the objective lens to its periph- 
ery is incident on the objective lens (RIM Int. = 1), "e-2 
width" increases. As a consequence, the value of beam 
filling ratio "A/W" approaches "0". In contrast to this, as 
"e-2 width" decreases, the value of "A/W" increases. If 
the "e-2 width" of light passing through the objective lens 
pupil is decreased to increase the value of "A/W", since 
the intensity at the rim (RIM) position of the objective 
lens pupil decreases, the rim intensity (RIM Int.) also 
decreases. Since there is a correspondence between 
beam filling ratio "A/W" and the rim intensity (RIM Int.) 
as described above, for example, an evaluation optical 
head with "A/W" = 0.7 can be matched with the dashed 
curve in FIG. 21 . 

[0387] The thickness irregularity (8d) of the disk trans- 
parent layer can be calculated from the solid curve in 
FIG. 21 on the basis of the output data from wavefront 
aberration analyzer 1014 in FIG. 20. The actual spher- 
ical aberration in the single-path can be obtained from 
the dashed curve in FIG. 21. The spherical aberration 
of the optical head to be used can be obtained from the 
rms value of the actual spherical aberration. 
[0388] The transparent protective layer of disk 1 00 to 
be actually mass-produced may include refractive index 
irregularity due to materials (polycarbonate and the like) 
forming the transparent layer as well as thickness irreg- 
ularity. For this reason, the aberrations of the disk trans- 
parent layer can be influenced by refractive index irreg- 
ularity as well as thickness irregularity. In the description 
made with reference to FIGS. 20 and 21 , however, in 
order to avoid complexity, aberrations due to transpar- 
ent layer thickness irregularity are assumed in consid- 
eration of the influence of refractive index irregularity (or 
regarding that no refractive index irregularity is present). 
[0389] The thickness irregularity value of the disk 
transparent layer obtained by the method shown in 



FtGS. 20 and 21 does not necessarily indicate only 
thickness irregularity in disks to be actually mass-pro- 
duced. However, since certain errors are expected in 
disks to be actually mass-produced, the method of in- 

5 specting (measuring) transparent layer thickness irreg- 
ularity in consideration of the influence of refractive in- 
dex irregularity (or regarding that no refractive index ir- 
regularity is present) is satisfactorily practical. From the 
viewpoint of managing the overall aberration influences 

10 due to variations in mass-produced disks within a pre- 
determined value, the method in FIGS. 20 and 21 which 
allows management of thickness irregularity of transpar- 
ent layers in consideration of the influence of refractive 
index irregularity can be very effective. 

15 [0390] The "method of detecting the thickness irreg- 
ularity of a medium transparent layer by detecting wave- 
front aberration", which uses the arrangement shown in 
FIG. 20 and the relationship in FIG. 21 can be summa- 
rized as follows. The spherical aberration of the medium 

20 transparent layer in the double-path is detected from the 
output from wavefront aberration analyzer 1014 in FIG. 
20 (wavefront aberration or data obtained by extracting 
a spherical aberration component from the wavefront 
aberration). The Wcrms value of the detected spherical 

25 aberration (or wavefront aberration) is matched with the 
single-path line in FIG. 21 (or the double-path data is 
converted into single-path data), thus obtaining the 
thickness irregularity (and/or the refractive index irreg- 
ularity of the medium transparent layer) of the medium 

30 transparent layer. 

[0391 ] FIG . 22 is a view for explaining an arrangement 
for extracting measurement value 950 corresponding to 
thickness irregularity amount 5 d of the medium trans- 
parent layer from the thickness servo system independ- 

35 ent of other servo systems. Referring to FIG. 20 de- 
scribed above, the thickness irregularity and/or refrac- 
tive index irregularity of the medium transparent layer is 
obtained from the analysis result obtained by wavefront 
aberration (spherical aberration) analyzer 1014. In con- 

40 trast to this, the thickness irregularity and/or refractive 
index irregularity of the medium transparent layer can 
be obtained from the residual deviation in thickness ser- 
vo control implementing an independent servo system. 
FIG. 22 shows the arrangement of this system. 

45 [0392] The arrangement in FIG. 22 is the same as that 
in FIG. 10 except for a portion for extracting thickness 
irregularity measurement value 950. For this reason, all 
the contents described with reference to FIG. 1 0can be 
applied to the arrangement in FIG. 22 except forthe por- 

50 tion for extracting thickness irregularity measurement 
value 950. The same reference numerals as in FIG. 10 
denote the same parts in FIG. 22, and a description 
thereof will be simplified. 

[0393] The residual deviation that is left in thickness 
55 servo system 500 with gain G after the servo operations 
of focusing servo system 600 and thickness servo sys- 
tem 500 are stabilized is equivalent to the value ob- 
tained by dividing the thickness irregularity and/or re- 
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tractive index irregu larity of the medium transparent lay- 
er (only the thickness irregularity when the refractive in- 
dex irregularity is to be neglected) by servo gain G (i.e., 
residual deviation = original thickness irregularity + ser- 
vo gain G). For this reason, the thickness irregularity of 
the medium transparent layer (the thickness irregularity 
and refractive index irregularity of the medium transpar- 
ent layer when the refractive index irregularity is not ne- 
glected) can be obtained from residual deviation x ser- 
vo gain G by using thickness irregularity measurement 
value (thickness irregularity detection signal; current or 
voltage value) 950 from thickness servo system 500 in- 
cluded in the arrangement shown in FIG. 22 (more spe- 
cifically, FIGS. 6 and 7). 

[0394] From another viewpoint, the residual deviation 
amount in thickness servo control for managing the 
thickness irregularity (and/or refractive index irregulari- 
ty) of the medium transparent layer within a predeter- 
mined value can be determined or defined by the follow- 
ing method: 

* determining the residua! deviation amount with the 
rms value of wavefront aberration (e.g., within 0.07 
X rms); and 

* defining the residual deviation (current or voltage 
value) from 8d after aberration correction (5d ob- 
tained from FIG. 21 or equation (8)). 

[0395] According to a method different from the meth- 
od used in the system shown in FIG. 20, the thickness 
irregularity of the medium transparent layer obtained 
from thickness irregularity measurement value 950 cor- 
responds to Sd obtained from equation (8) or the single- 
path line in FIG. 21 . More specifically, in managing the 
wavefront aberration (or spherical aberration) of the me- 
dium transparent layer within a specific value (e.g., 0.07 
Arms), the following two methods are available: a meth- 
od of managing 8d obtained from the arrangement in 
FIG. 20 and the relationship in FIG. 21 (or the relation- 
ship represented by equation (8)) within the specific val- 
ue (0.07 X rms); and a method of managing the thick- 
ness irregularity measurement value (residual deviation 
x servo gain G) obtained from the arrangement in FIG. 
22 within the specific value (0.07 krms). 
[0396] Either or both of these methods can be used. 
For example, the apparatus in FIG. 20 performs a 1 00% 
inspection (or sampling inspection) on mass-produced 
disks first, and then the apparatus in FIG. 22 performs 
sampling (or 100% inspection) on the mass-produced 
disks. According to the method in FIG. 20, since disks 
need not be rotated, thickness irregularity management 
can be performed in a static state. According to the 
method in FIG. 22, since disks are rotated, thickness 
irregularity management can be performed in a dynamic 
state. 

[0397] FIG. 23 is a flow chart for explaining a proce- 
dure for nondestructive^ inspecting the thickness irreg- 
ularity of the transparent layer of an inspection target 



disk by using thickness irregularity measurement value 
950 in FIG. 22, and performing defective/non -defective 
decision about the thickness irregularity of the transpar- 
ent layer of the target disk. 

5 [0398] The procedure in this flow chart can be execut- 
ed by a combination of a disk drive having an arrange- 
ment like the one shown in FIG. 6, 10, or 22 and a com- 
puter (personal computer or the like) (not shown). 
[0399] A standard disk in which the thickness irregu- 

10 larity of the transparent protective layer is equal to or 
less than a specified value (e.g., the reference thickness 
of the transparent layer is 0.1 mm, and its thickness ir- 
regularity falls within 0.01 Arms) and which is substan- 
tially free from warpage in the radial and circumferential 

15 directions is set in an inspection apparatus (having a 
thickness servo system for suppressing the influence of 
the thickness irregularity of the transparent layer), and 
the apparatus is calibrated (step ST100). 
[0400] After this calibration, an inspection target disk 

20 (100) having a transparent layer which can be accom- 
panied by thickness irregularity (5d) is set in the disk 
drive of the inspection apparatus (step ST102). The in- 
spection apparatus is then initialized (step ST104). In 
this initialization, servo gain G of the thickness servo 

25 system (500) of the inspection apparatus is set to a spe- 
cific value (G = 2 to 1 0000), parameter] of track position 
TRi which the optical head is to trace is set to the initial 
value "1 ", and track jump intervals k for determining the 
intervals at which the optical head moves in the radial 

30 direction is set to a specific value (if, for example, k = 
10, a track jump is made at 10-track intervals). Other 
necessary initialization items are set, if any, in step 
ST1 04. 

[0401 ] Inspection target track TRi (i = 1 at first) is des- 

35 ignated to start the disk drive (step ST106). As a con- 
sequence, the target disk rotates at a predetermined ro- 
tational speed corresponding to designated track posi- 
tion TRi, and the optical head traces track TRi to detect 
the state of reflected light from an embossed pit (in the 

40 case of a playback-only disk) or wobble groove (in the 
case of a recording/playback disk). 
[0402] When the photodetector detects the state of 
the reflected light from the optical head, focusing servo 
control, thickness servo control, tracking servo control, 

45 and the like, which have been described with reference 
to FIG. 6 and the like, operate, and these servo opera- 
tions quickly converge to stable states. After the servo 
operations converge to stable states in this manner 
(step ST108), for example, the residual deviation in 

so thickness servo control is detected from thickness irreg- 
ularity measurement value 950 in FIG. 22 (step ST11 0). 
[0403] By calculating the product (residual deviation 
x G) of the residual deviation detected in this manner 
and the servo gain set in step ST104, the thickness ir- 

55 regularity of the transparent layer of the target disk (at 
current track TRi) is obtained (step ST112). The trans- 
parent layer thickness irregularity measurement value 
at current track TRi obtained in this manner is stored in 
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the storage unit in the computer (not shown) {step 
ST114). 

[0404] When the storage of the transparent layer 
thickness irregularity measurement value at current 
track TRi (i = 1 at first) of the target disk is completed in 
the above manner, new inspection target track TRi (i = 
i + k) is designated (step ST116). If i = 1 and k = 10 at 
first, then i = 11 in this case. If new inspection target 
track TRi (i = I + k) is located over the final track (NO in 
step ST118), the processing loop in steps ST106 to 
ST116 is executed again. This processing loop in steps 
ST1 06 to ST1 16 is repeated until new inspection target 
track TRi (i = i + k) is located over the final track. 
[0405] If new inspection target track TRi (i = i + k) is 
located overthe finaltrack (YES in step ST1 1 8), the data 
of the transparent layer thickness irregularity measure- 
ment values on the all tracks of the target disk (although 
a sampling inspection is performed at k-track intervals) 
are stored in the storage unit (not shown). 
[0406] The average value, maximum peak value, and 
the like of the data of the transparent layer thickness 
irregularity measurement values stored in this manner 
are calculated. Evaluation of the calculation results (i. 
e., defective/non-defective decision on the target disk) 
is then performed by decision items : e.g., checking 
whether the calculated average value is equal to or less 
than the specified value in management for transparent 
layer thickness irregularity, and/or checking whether the 
maximum peak value is equal to or less than the upper 
limit value in terms of a transparent layer thickness ir- 
regularity standard. In addition, the data of the transpar- 
ent layer thickness irregularity measurement values 
stored in the storage unit (together with the evaluation 
results, as needed) are backed up in a hard disk or 
DVD-RAM disk (not shown), as needed (step ST120). 
[0407] In the above manner, inspections of one target 
disk andthe storage processing of inspection results are 
completed. If any disk to be inspected is left, the flow 
returns to step ST1 02 to repeat the processing in steps 
ST102 to ST120. 

[0408] Note that the calibration processing in step 
ST1 00 need not always be performed for each inspec- 
tion target disk. When the processing in FIG. 23 is to be 
used for thickness irregularity management of mass- 
produced disks (defective/non-defective decision on 
disks), the calibration processing in step ST100 may be 
performed once every time a predetermined number of 
(e.g., 10,000) disks are subjected to measurement 
processing (steps ST1 02 to ST1 20), or a predetermined 
period of time (e.g., one hr) as a continuous measure- 
ment processing time elapses. 

[0409] By using the nondestructive inspection method 
in FIG. 23, the thickness irregularity of the transparent 
protective layers of mass-produced disks can be man- 
aged under actual operating conditions (in a state where 
a target disk set in the disk drive is rotated/driven, and 
the servo systems of the drive are activated). In addition, 
since a nondestructive inspection is performed, all disks 



that are determined as non-defective products after the 
inspection can be shipped out as merchandise. 
[0410] FIG. 24 is a flow chart for explaining a proce- 
■ dure for nondestructive^ inspecting the thickness irreg- 

5 ularity of the transparent layer of an inspection target 
disk by using the thickness irregularity inspection meth- 
od in FIG. 20, and performing defective/n on -defective 
decision about the thickness irregularity of the transpar- 
ent layer of the target disk. The procedure in this flow 

10 chart can be executed by a combination of a wavef ront 
aberration analyzing u nit having an arrangement like the 
one shown in FIG. 20 and a computer (e.g., an N/|PU 
incorporated in analyzer 1014 in FIG. 20) (not shown). 
[0411] A standard disk in which the thickness irregu- 

15 larity of the transparent protective layer is equal to or 
less than a specified value (e.g., the reference thickness 
of the transparent layer is 0.1 mm, and its thickness ir- 
regularity falls within 0.01 Xrms) and which is substan- 
tially free from warpage in the radial and circumferential 

20 directions is set in an inspection apparatus, and the ap- 
paratus is calibrated (step ST200). In this calibration 
processing, optical system 1006 for controlling an opti- 
cal aberration in accordance with the original aberration 
amount of objective lens 1008 is adjusted to optimal 

25 conditions. 

[0412] After this calibration, an inspection target disk 
(1 00) having a transparent layer which can be accom- 
panied by thickness irregularity (8d) is set in the disk 
drive of the inspection apparatus (step ST202). The in- 

30 spection apparatus is then initialized (step ST204). In 
this initialization, position parameter i in the radial direc- 
tion of the disk and position Parameter j in the circum- 
ferential direction of the disk are set to initial values (i = 
1 ; j = 1 ) to specify a position on the disk al which a laser 

35 beam from the optical head is focused. 

[0413] Subsequently, inspection target position Pij (i 
= 1 ; j = 1 at first) is designated, and a laser beam from 
the optical head is focused at the position (step ST206). 
The state of reflected light from inspection target posi- 

40 tion Pij is projected onto CCD monitor 1 01 2 in FIG. 20. 
This projection state is analyzed by wavefront aberra- 
tion analyzer 1014, and the root square mean (Wcrms) 
of spherical aberration factors is measured from the 
analysis result (step ST208). An aberration amount in a 

45 double-path along which measurement light is reflected 
by the recording layer of the medium and double-trips 
to the medium transparent layer is obtained from Wcrms 
measured in this manner (step ST210). The obtained 
aberration amount in the double-path is converted into 

50 an aberration in a single-path, and transparent layer 
thickness irregularity 5d is obtained from the converted 
. value according to the relationship in FIG. 21 (the rela- 
tionship represented by equation (8)) given above). 
Transparent layer thickness irregularity &d obtained in 

55 this manner is stored in the storage unit in the computer 
(not shown) (step ST212). 

[0414] When the storage of the transparent layer 
thickness irregularity measurement value of the target 
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disk at inspection target position Pij is completed in this 
manner, new inspection target position Pij (i = 1 ; j = 2 in 
this case) is designated (step ST214). if new inspection 
target position Pij (i = 1; j = 2) is not located over the 
final position Qmax) on the target disk with i = 1 (NO in 
step ST216), the processing loop in steps ST206 to 
ST214 is executed again. The processing loop in steps 
ST206to ST214 is repeated until new inspection target 
position Pij is located over the final position (i = 1 ; j = 
jmax) with i = 1 . 

[0415] If inspection target position Pij is located over 
the final position Qmax) on the target disk in the circum- 
ferential direction with i= 1 (YES in step ST216), posi- 
tion parameter [ in the circumferential direction is reset 
to 1 (step ST218), and position parameter] in the radial 
direction is incremented by one (i = 2 in this case) (step 
ST220). The processing loop in steps ST206 to ST214 
is executed again at new position Pij (i = 2; j = 1). This 
processing loop is repeated until new inspection target 
position Pij is located over the final position (i = 2; j = 
jmax) with i = 2. In the same manner, subsequently, the 
processing loop in steps ST206 to ST220 is repeated 
while i is incremented (step ST220) until inspection tar- 
get position Pij is located over the final position (imax) 
on the target disk in the radial direction (NO in step 
ST222). 

[0416] If inspection target position Pij is located over 
the final position (imax) on the target disk in the radial 
direction (YES in step ST222), acquisition/ storage of 
wavefront aberration data (data of transparent layer 
thickness irregularity measurement values) over the en- 
tire surface of the recording layer of the target disk is 
completed. The average value, maximum peak value, 
and the like of the data of the transparent layer thickness 
irregularity measurement values stored in the storage 
unit (not shown) are calculated. Evaluation of the calcu- 
lation results (i.e., defective/non -defective decision on 
the target disk) is then performed by decision items, e. 
g., checking whether the calculated average value is 
equal to or less than the specified value in management 
for transparent layer thickness irregularity, and/or 
checking whether the maximum peak value is equal to 
or less than the upper limit value in terms of a transpar- 
ent layer thickness irregularity standard. In addition, the 
data of the transparent layer thickness irregularity 
measurement values stored in the storage unit (together 
with the evaluation results, as needed) are backed up 
in a storage medium such as a hard disk or DVD-RAM 
disk (not shown), as needed (step ST222). 
[0417] In the above manner, inspections of one target 
disk and the storage processing of inspection results are 
completed. If any disk to be inspected is left, the flow 
returns to step ST202 to repeat the processing in steps 
ST202 to ST222. 

[0418] Note that in the processing in steps ST214 to 
ST222, increment parameters i and j may be inter- 
changed. That is, ] is used as a parameter in steps 
ST214 to ST21 8, and '[ is used as a parameter in steps 



ST220 to ST222. In addition, the calibration processing 
in step ST2Q0 need not always be performed for each 
inspection target disk. The calibration processing in step 
ST200 may be performed once every time a predeter- 

5 mined number, of (e.g., 10,000) disks are subjected to 
measurement processing (steps ST202 to ST222), or a 
predetermined period of time (e.g., one hr) as a contin- 
uous measurement processing time elapses. 
[0419] By using the nondestructive inspection method 

10 in FIG. 24 : the thickness irregularity of the transparent 
protective layers of target disks can be inspected with- 
out rotating/driving each target disk. For this reason, the 
inspection (defective/non-defective decision on thick- 
ness irregularity) time for each of mass-produced disks 

15 can be shortened, contributing to a reduction in media 
cost. In addition, since in this inspection method, a non- 
destructive inspection is performed, all disks that are de- 
termined as non-defective products after the inspection 
can be shipped out as merchandise. 

20 [0420] FIG. 25 is a flow chart for explaining a proce- 
dure for nondestructively inspecting the thickness irreg- 
ularity of the transparent layer of an inspection target 
disk from the residual deviation (data corresponding to 
spherical aberration) in the thickness servo system in 

25 FIG. 1 9, and also nondestructively inspecting the warp- 
age of the target disk from the detection signal (data cor- 
responding to coma) obtained by the tilt servo system 
in FIG. 19. 

[0421 ] The procedure in this flow chart can be execut- 
30 ed by a combination of a disk drive having an arrange- 
ment like the one shown in FIG. 1 3, 1 4, or 1 9 and a com- 
puter (personal computer or the like) (not shown). 
[0422] A standard disk in which the thickness irregu- 
larity of the transparent protective layer is equal to or 
35 less than a specified value (e.g., the reference thickness 
of the transparent layer is 0.1 mm, and its thickness ir- 
regularity falls within 0.01 X rms) and which is substan- 
tially free from warpage in the radial and circumferential 
directions is set in an inspection apparatus (having a 
40 thickness servo system for suppressing the influence of 
the thickness irregularity of the transparent layer and a 
tilt servo system for suppressing the influence of the 
warpage of the disk), and the apparatus is calibrated 
(step ST300). 

45 [0423] In this calibration processing, even if the warp- 
age of the standard disk itself in use is at a negligible 
level, when a tilt variation that cannot be neglected is 
caused in the measurement system owing to a horizon- 
tal shift of a disk clamp portion on the drive side, the 

so corresponding portion is also measured in advance as 
correction data for the measurement system. More spe- 
cifically, the correspondence between a radial tilt 
amount and/or tangential tilt amount and a wobble sig- 
nal amplitude change or its difference signal change is 

55 measured in advance from a wobble signal amplitude 
change or its difference signal change detected when 
several known radial tilt amount and/or known tangential 
tilt amounts are provided while a standard disk is loaded 
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in the drive, and the measured data is stored. When the 
tilt amount of an inspection target disk is to be evaluated 
by a measurement system including a tilt factor, the 
stored correspondence data (e.g., the data shown in 
FIGS. 15 to 1 8) is used to remove the influence of a tilt 
caused in the measurement system from the tilt amount 
of the target disk. 

[0424] After the above calibration processing : an in- 
spection target disk (1 00) having a transparent layerthat 
may accompany thickness irregularity (Sd) and warpage 
(warpage in the radial direction and/or warpage in the 
circumferential direction) is set in the disk drive of the 
inspection apparatus (step ST302). The inspection ap- 
paratus is then initialized (step ST304). In this initializa- 
tion, servo gain G of the thickness servo system (500) 
of the inspection apparatus is set to a specific value (G 
= 2 to 10000), parameter] of track position TRi which 
the optical head is to trace is set to the initial value "1 ", 
and track jump intervals k for determining the intervals 
at which the optical head moves in the radial direction 
is set to a specific value (if, for example, k = 1 0, a track 
jump is made at 10-track intervals). Other necessary in- 
itialization items (servo gains for the radial tilt servo sys- 
tem and/or tangential tilt servo system and the like) are 
set, if any, in step ST304. 

[0425] Inspection target track TRi (i - 1 at first) is des- 
ignated to start the disk drive (step ST306). As a con- 
sequence, the target disk rotates at a predetermined ro- 
tational speed corresponding to designated track posi- 
tion TRi, and the optical head traces track TRi to detect 
the state of reflected light from an embossed pit (in the 
case of a playback-only disk) or wobble groove (in the 
case of a recording/playback disk). 
[0426] When the photodetector detects the state of 
the reflected light from the optical head, focusing servo 
control, thickness servo control, tracking servo control, 
radial tilt servo control, tangential tilt servo control, and 
the like, which have been described with reference to 
FIGS. 6, 1 3, and 14 andthe like, operate, and these ser- 
vo operations quickly converge to stable states. 
[0427] After the servo operations converge to stable 
states in this manner (step ST308), for example, the re- 
sidual deviation in thickness servo control is detected 
from thickness irregularity measurement value 950 in 
FIG. 22 (step ST31 0). By calculating the product (resid- 
ual deviation x G) of the residual deviation detected in 
this manner and the servo gain set in step ST304, the 
thickness irregularity of the transparent layer of the tar- 
get disk (at current track TRi) is obtained (step ST310). 
The transparent layer thickness irregularity measure- 
ment value at current track TRi obtained in this manner 
is stored in the storage unit in the computer (not shown) 
(step ST310). 

[0428] In addition, after the servo operations con- 
verge to the stable stages (step ST308), data corre- 
sponding to comae in the radial direction and/or tangen- 
tial direction of the target disk (tilt amounts in the radial 
direction and/or tangential direction) are obtained from 



the relationship between the tilt amount and a detection 
signal in the tilt servo system, i.e., a wobble detection 
signal amplitude change (or its difference signal 
change) used in tilt servo control (see FIGS. 15 to 18) 

5 (stepST312). 

[0429] The obtained data are corrected, as needed, 
by the data of "the correspondence between the tilt 
amount and the wobble signal amplitude change or its 
difference signal change which are detected when sev- 

10 eral known tilts are provided while the standard disk \s 
loaded in the drive" which is stored in advance in the 
calibration processing in step ST300. The corrected da- 
ta corresponding to comae in the radial direction and/or 
tangential direction (tilt amounts in the radial direction 

15 and/or the tangential direction) are stored in the storage 
unit in the computer (not shown) (step ST312). 
[0430] When the storage of the transparent layer 
thickness irregularity measurement value and measure- 
ment values of radial tilt amount/tangential tilt amount 

20 at current track TRi (i = 1 at first) of the target disk is 
completed in the above manner, new inspection target 
track TRi (i = i + k) is designated (step ST314). If i = 1 
and k = 1 0 at first, then i = 11 in this case. If new inspec- 
tion target track TRi (i = i + k) is located over the final 

25 track (NO in step ST316), the processing loop in steps 
ST306 to ST314 is executed again. This processing 
loop in steps ST306 to ST314 is repeated until new in- 
spection target track TRi (i = i + k) is located over the 
final track. 

30 [0431] If new inspection target track TRi (i = i + k) is 
located overthe final track (YES in step ST31 6), the data 
of the transparent layer thickness irregularity measure- 
ment values and measurement values of radial tilt 
amount/tangential tilt amount on all the tracks of the tar- 

35 get disk (although sampling inspection is performed at 
k-track intervals) are stored in the storage unit (not 
shown). 

[0432] The average value, maximum peak value, and 
the like of the data of the transparent layer thickness 

40 irregularity measurement values and radial tilt amount/ 
tangential tilt amount stored in this manner are calculat- 
ed. Evaluation of the calculation results (i.e., defective/ 
non-defective decision on the target disk) is then per- 
formed by decision items, e.g., checking whether the 

^5 calculated average value is equal to or less than the 
specified value in management for transparent layer 
thickness irregularity or radial tilt amount/tangential tilt 
amount, and/or checking whether the maximum peak 
value is equal to or less than the upper limit value in 

so terms of a transparent layer thickness irregularity stand- 
ard or radial tilt amount/tangential tilt amount. In addi- 
tion, the data of the transparent layer thickness irregu- 
larity measurement values and radial tilt amount/tan- 
gential tilt amount stored in the storage unit (together 

55 with the evaluation results, as needed) are backed up 
in a storage medium such as a hard disk or DVD-RAM 
disk (not shown), as needed (step ST316). 
[0433] In the above manner, inspections of one target 
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disk andthe storage processing of inspection results are 
completed. If any disk to be inspected is left, the flow 
returns to step ST302 to repeat the processing in steps 
ST302 to ST318. 

[0434] The calibration processing in step ST300 need 
not always be performed for each inspection target disk. 
The calibration processing in step ST300 may be per- 
formed once every time a predetermined number of (e. 
g., 10,000) disks are subjected to measurement 
processing (steps ST302to ST318), or a predetermined 
period of time (e.g., one hr) as a continuous measure- 
ment processing time elapses. 

[0435] By using the nondestructive inspection method 
in FIG. 25, not only the thickness irregularity of the trans- 
parent protective layers of mass-produced disks but al- 
so the warpage of the disks in the radial direction and/ 
or circumferential direction can be managed at once. 
[0436] FIG. 26 is a graph for explaining a transparent 
layer thickness irregularity allowable range (example 1) 
in a case where a transparent layer protecting the re- 
cording layer of an single-sided single-layer information 
medium is made of a material (polycarbonate, acrylic 
resin, carton, or the like) whose refractive index falls in 
the range of 1 .47 to 1 .67. In this singlo-sided single-lay- 
er information medium, a transparent protective layer is 
formed on the surface of the recording layer, and a sub- 
strate is provided on the lower surface side of the re- 
cording layer. This substrate need not always be trans- 
parent. Obviously, a transparent substrate may be used, 
and a label or the like that shields a laser beam may be 
printed or formed on the surface of the substrate. 
[0437] FIG. 26 shows that thickness irregularity (var- 
iation) 5d of the transparent layer is allowed up to ±10 
ujti when refractive index n of the transparent layer falls 
in the range of 1 .47 to 1 .67 in a case where the reference 
thickness of a medium transparent layer is a nominal 
value of 100 |im (0.1 mm). Note that the reference value 
(nominal value) of the transparent layer thickness, 1 00 
ujti, is an example, and a value other than 100 urn may 
be selected as this reference value. 
[0438] For example, materials corresponding to a rec- 
tangular range in FIG . 26 (area A1 0 where the refractive 
index range extends from 1.47 to 1.67, and the thick- 
ness range extends from 90 um to 110 ujti) are: 

* polycarbonate with refractive index n = 1.62 at 
wavelength of 405 nm; 

* carton with refractive index n = 1 .52 at wavelength 
of 405 nm; and 

* acrylic resin (or ultraviolet curing resin/UV curing 
resin) with refractive index n = 1 .56 at wavelength 
of 405 nm. 

[0439] In a single-sided single-layer information me- 
dium (recordable/playable optical disk), reflectance R of 
an embossed reflecting layer or non-recorded layer is 
about 15% to 25%. Reflectance R of a recording layer 
on which information has already been recorded is 



about 1%. Transmittance T of the recording layer of a 
single-sided single-layer medium is set to, for example, 
0%. That is, in a single-sided single-layer information 
medium, all light components other than reflected light 
5 components (15% to 25%) are absorbed (i.e., absorb- 
ance A = 75% to 85%). 

[0440] FIG. 27 is a graph for explaining a transparent 
layer thickness irregularity allowable range (example 2) 
in a case where a transparent layer protecting the re- 

10 cording layer of an single-sided single-layer information 
medium is made of a material (polycarbonate orthe like) 
whose refractive index falls in the range of 1 .57 to 1 .67. 
[0441] FIG. 27 shows that in a case where the refer- 
ence thickness of a medium transparent layer is a nom- 

15 jnal value of 100 urn (0.1 mm), when refractive index n 
of the transparent layer falls in the range of 1 .57 to 1 .67, 
thickness irregularity (variation) 8d of the transparent 
layer is allowed up to ±15 um/-5 ujti on the side where 
the refractive index is lower than the median value (1 .62 

20 ± 0.05) of refractive index, and up to ±1 0 urn on the side 
where the refractive index is higher than the median val- 
ue of refractive index. Note that the reference value 
(nominal value) of the transparent layer thickness, 100 
nm, is an example, and a value other than 100 pm may 

25 be selected as this reference value. 

[0442] Assume that a transparent layer is as thin as 
0.1 mm. In this case, as a method of defining a trans- 
parent layer thickness irregularity allowable range, the 
method of defining it with rectangular area A10 as 

30 shown in FIG. 26 can be effectively used from a practical 
viewpoint. In a stricter sense, however, as the refractive 
index is decreased while the lower limit of the allowable 
thickness irregularity of the transparent substrate re- 
mains unchanged (e.g., 90 urn), the wavefront aberra- 

35 tion amount (spherical aberration) increases (see FIG. 
2B) as in the case where the thickness is decreased. In 
consideration of suppression of the influence of an in- 
crease in aberration with this decrease in refractive in- 
dex (equivalent to a decrease in the thickness of the 

40 transparent layer in terms of the amount of aberration 
caused), a plot obliquely ascending to the left on the low- 
refractive- index side is drawn. On the high-refractive- 
index side : the degree of influence of an increase in ab- 
erration due to an increase in refractive index (equiva- 

45 lent to an increase in the thickness of the transparent 
layer in terms of the amount of aberration caused) is 
smaller than that on the low-refractive-index side (in an 
extreme case, the influence of an increase in aberration 
when the thickness decreases from 100 um by 90 um 

50 to 10 ujti, i.e., 1/10 is larger than that when the thickness 
increases from 100 urn by 90 pm to 190 p, i.e., 1.9 
times). Considering this phenomenon in addition to a 
practical viewpoint, a rectangular plot will suffice on the 
high-refractive-index side. Area A11 in FIG. 27 is a hex- 

55 agonal transparent layerthickness irregularity allowable 
range determined in this manner. 
[0443] FIG. 28 is a graph for explaining a transparent 
layerthickness irregularity allowable range (example 3) 
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in a case where a transparent layer protecting the re- 
cording layer of an single-sided single-layer information 
medium is made of a material whose refractive index 
falls in the range of 1 .42 to 1 .72. 
[0444] FIG. 28 shows that in a case where the refer- 
ence thickness of a medium transparent layer is a nom- 
inal value of 100 jim (0.1 mm), when refractive index n 
of the transparent layer falls in the range of 1 .42 to 1 .72, 
thickness irregularity (variation) Sd of the transparent 
layer is allowed up to +86 u.m/-34 ujti on the side where 
the refractive index is lowerthan the median value (1 .57) 
of refractive index, and up to ±60 u.m on the side where 
the refractive index is higher than the median value of 
refractive index. Note that the reference value (nominal 
value) of the transparent layer thickness, 100 ujti, is an 
example, and a value other than 1 00 jam may be select- 
ed as this reference value. 

[0445] The reason why area A12 Indicating a trans- 
parent layer thickness irregularity in FIG. 28 allowable 
range becomes hexagonal Is the same as that in the 
case shown in FIG. 27. In addition, the width of thickness 
irregularity in the transparent layer thickness irregularity 
allowable range in FIG. 28 is large (+86 u, to -60 u.m) for 
the following reason. Even if large thickness irregularity 
occurs, the influence of this large thickness irregularity 
can be suppressed to a level where no practical problem 
arises as long as servo gain G of thickness servo system 
500 shown in, for example, FIG. 6 is high. 
[0446] In an apparatus (optical disk drive or recorder/ 
player having this drive) using the information medium 
(single-sided single-layer recordable/playable optical 
disk) in FIGS. 26 to 28, when an objective lens having 
large numerical aperture NA (e.g., 0.85) is used, a trou- 
ble may be caused in actual recording and/or playback 
operation unless the thickness irregularity of the medi- 
um transparent layer is suppressed low (about 5 um). 
If, however, a thickness servo mechanism with sufficient 
servo gain G is used for this apparatus, since the influ- 
ence of thickness irregularity is reduced as servo gain 
G increases, normal recording and/or playback opera- 
tion can be performed even if transparent layer thick-" 
ness irregularity is slightly large. Therefore, the trans- 
parent layer thickness irregularity in the case shown in 
FIG. 26 is allowed up to 10 u,m; that in the case shown 
in FIG. 27 is allowed up to 15 u.; and that in the case 
shown in FIG. 28 is allowed up to about 90 um. 
[0447] FIG. 29 is a graph for explaining a transparent 
layer thickness irregularity allowable range (example 4) 
in a case where a transparent layer protecting the re- 
cording layer of an single-sided dual-layer information 
medium is made of a material (polycarbonate, acrylic 
resin, carton, or the like) whose refractive index falls in 
the range of 1 .47 to 1 .67. In this single-sided dual-layer 
information medium, first and second recording layers 
are joined to each other through a transparent space 
layer, a transparent protective layer is formed on the sur- 
face of the first recording layer, and a substrate is formed 
on the lower surface side of the second recording layer. 



This substrate need not always be transparent. Obvi- 
ously, a transparent substrate may be used, and a label 
or the like that shields a laser beam may be printed or 
formed on the surface of the substrate. 

5 [0448] FIG. 29 shows that thickness irregularity (var- 
iation) 5d of the transparent layer is allowed up to ±15 
ujti when refractive index n of the transparent layer falls 
in the range of 1 .47 to 1 .67 in a case where the reference 
thickness of a medium transparent layer is a nominal 

10 value of 100 urn (0.1 mm). It is recognized that the trans- 
parent layer thickness irregularity (±15 u,m) of a single- 
sided dual-layer medium (FIG. 29) is larger than the 
transparent layer thickness irregularity (±10 ujti) of a 
single-sided single-layer medium (FIG. 26) (by 5 ujti). 

is This is because the influence of the thickness irregular- 
ity of the space layer (±5 u.m in this case), which is not 
present in the single-sided single-layer medium, is esti- 
mated. Note that the space layer itself is managed with- 
in, for example, about 20 u,m ± 10 um Note that the 

20 reference value (nominal value) of the transparent layer 
thickness, 100 um, is an example, and a value other 
than 100 u.m may be selected as this reference value. 
[0449] For example , materials corresponding to a rec- 
tangular range in FIG. 26 (area A20 where the refractive 

25 index range extends from 1 .47 to 1 .67, and the thick- 
ness range extends from 85 urn to 115 u,m) are: 

* polycarbonate with refractive index n = 1 .62 at 
wavelength of 405 nm; 
30 * carton with refractive index n = 1 .52 at wavelength 
of 405 nm; and 

acrylic resin (or ultraviolet curing resin/UV curing 
resin) with refractive index n = 1 .56 at wavelength 
of 405 nm. 

35 

[0450] In a single-sided dual-layer information medi- 
um (recordable/playable optical disk), when the first re- 
cording layer as the first layer on the upper surface side 
and the second recording layer as the second layer on 

40 the lower surface side are non-recorded layers, reflect- 
ances R of these layers are about 4.2%. In a single-sid- 
ed dual- layer medium, reflectance R of the embossed 
layer is also set to about 4.2%. When information is re- 
corded on the first and second recording layers, reflect- 

45 ances R of these layers become, for example, about 
10.8% to 11 .3%. Transmittance T of the first recording 
layer of the single-sided dual-layer medium is set to 
about 60%, and it's absorbance A is set to about 30% 
(R + T + A= 100%). 

so [0451] FIG. 30 is a graph for explaining a transparent 
layer thickness irregularity allowable range (example 5) 
in a case where a transparent layer protecting the re- 
cording layer of an single-sided dual-layer information 
medium is made of a material (polycarbonate or the like) 

55 whose refractive index falls in the range of 1 .57 to 1 .67. 
[0452] FIG. 30 shows that in a case where the refer- 
ence thickness of a medium transparent layer is a nom- 
inal value of 100 u.m (0.1 mm), when refractive index n 
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of the transparent layer falls In the range of 1 .57 to 1 .67, 
thickness irregularity (variation) 5d of the transparent 
layer is allowed up to +20 u.m/-1 0 u/n on the side where 
the refractive index is lower than the median value (1 .62 
± 0.05) of refractive index, and up to ±1 5 jim on the side 5 
where the refractive index is higher than the median val- 
ue of refractive index. Note that the reference value 
(nominal value) of the transparent layer thickness, 1 00 
urn, is an example, and a value other than 1 00 urn may 
be selected as this reference value. 10 
[0453] The reason why the thickness irregularity 
range (±15 u,m) of the single-sided dual-layer medium 
in FIG. 30 is larger than the thickness irregularity range 
(±1 0 ujti) of the single-sided single-layer medium shown 
in FIG. 27 is that the influence (±5 ujti) of the thickness 1$ 
irregularity of the space layer is considered for the sin- 
gle-sided dual-layer medium in FIG. 30. The reason why 
area A21 indicating the transparent layer thickness ir- 
regularity allowable range in FIG. 30 becomes hexago- 
nal is the same as in the case shown in FIG. 27. 20 
[0454] FIG. 31 is a graph for explaining a transparent 
layer thickness irregularity allowable range (example 6) 
in a case where a transparent layer protecting the re- 
cording layer of an single-sided dual-layer information 
medium is made of a material whose refractive index 25 
falls in the range of 1 .42 to 1 .72. 

[0455] FIG. 31 shows that in a case where the refer- 
ence thickness of a medium transparent layer is a nom- 
inal value of 100 urn (0.1 mm), when refractive index n 
of the transparent layer falls in the range of 1 .42 to 1 .72, 30 
thickness irregularity (variation) 6d of the transparent 
layer is allowed up to +1 29 u.m/-51 |im on the side where 
the refractive index is lowerthan the median value (1 .57) 
of refractive index, and up to ±90 u.m on the side where 
the refractive index is higher than the median value of 35 
refractive index. Note that the reference value (nominal 
value) of the transparent layer thickness, 1 00 fim, is an 
example, and a value other than 1 00 ujti may be select- 
ed as this reference value. 

[0456] The reason why area A22 indicating a trans- 40 
parent layer thickness irregularity in FIG. 31 allowable 
range becomes hexagonal is the same as that in the 
case shown in FIG . 27. In addition, the width of thickness 
irregularity in the transparent layer thickness irregularity 
allowable range in FIG. 31 is large (+129 yi to -90 am) «5 
for the following reason. Even If large thickness irregu- 
larity occurs, the influence of this large thickness irreg- 
ularity can be suppressed to a level where no practical 
problem arises as long as servo gain G of thickness ser- 
vo system 500 shown in, for example, FIG. 6 is high. sc 
[0457] In an apparatus (optical disk drive or recorder/ 
player having this drive) using the information medium 
(single-sided dual-layer recordable/playable optical 
disk) in FIGS. 29 to 31 , when an objective lens having, 
for example, numerical aperture NA of 0.85 is used, a 55 
trouble may be caused in actual recording and/or play- 
back operation unless the thickness irregularity of the 
medium transparent layer is suppressed to about 5 urn. 



If, however, a thickness servo mechanism with sufficient 
servo gain G is used for this apparatus, since the influ- 
ence of thickness irregularity is reduced as servo gain 
G increases, normal recording and/or playback opera- 
tion can be performed even if transparent layer thick- 
ness irregularity greatly exceeds 5 um. Therefore, the 
transparent layer thickness irregularity in the case 
shown in FIG. 29 is allowed up to 1 5 u.m; that in the case 
shown in FIG. 30 is allowed up to 20 a; and that in the 
case shown in FIG. 31 is allowed up to about 130 pm. 

Summary of Management Data for Single-Sided 

Single-Layer or Single-Sided Dual-Layer Disk 

[0458] As to the thicknesses of transparent layers, 
see FIGS. 26 to 31 ; 

the thickness of the space layer of a single-sided 
dual-layer: 20 ± 1 0 ujn or less; 
variations in the thickness of the space layer within 
one disk: ±10 p or less; 

variations in the thickness of the space layer within 
one revolution of a disk: ±4 jim or less; 
refractive index n of a substrate (polycarbonate): 
1.62 ± 0.05 or less; 

the angular deviation (tilt) of reflected light: ±0.70° 

or less in the radial direction; 

the angular deviation (tilt) of reflected light: +0.30° 

or less in the circumferential direction; and 

the birefringence of a substrate: 1 0 nm at maximum. 

[0459] A specific value of (+10 pm, ±4 u/n) of varia- 
tions in the thickness of the space layer of a single-sided 
dual-layer disk can be determined in accordance with 
the dynamic range of an aberration correction system 
(thickness servo system) and the influence of crosstalk 
between the first and second recording layers. 

Others 

[0460] Referring to FIGS. 26 to 31 , the allowable var- 
iation range (abscissa) of refractive index n of a medium 
transparent layer can be finally determined on the basis 
of the allocation of operation margins to the overall ap- 
paratus (optical head and/or disk drive). In addition, the 
allowable variation range (ordinate) of the thickness of 
a medium transparent layer can be finally determined in 
consideration of the dynamic range of a spherical aber- 
ration correction system (thickness servo system) in op- 
eration, a servo response band, overall margin alloca- 
tion, and the like. 

[0461] Refractive index n (abscissa) and thickness ir- 
regularity 5d (ordinate) in FIGS. 26 to 31 correspond to 
n and 5d in mathematical expressions (4) to (9). There- 
fore, if, for example, the frame of area A10 in FIG. 26 
(Sd = ±10 ujti at n = 1 .47; Sd = ±10 u.m at n = 1 .67) and 
numerical aperture NA (e.g., 0.85) of an objective lens 
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to be used are determined, the range of rms values of 
wavefront aberration (ordinate Worms in FIG. 21 ) which 
guarantees that the thickness irregularity of a transpar- 
ent layer and the range of variations in refractive index 
fall within area A10 in FIG. 26 is also obtained. 
[0462] Assume that a transparent protective layer is 
formed by spin coating. In this case, as one of guidelines 
for the determination of a temperature, rotational speed, 
rotation time, the viscosity of a protective layer material, 
and the like in spin coating, quality control using a meth- 
od of "managing the thickness of a layer between the 
protective layer and recording layer of a medium to a 
residual deviation of 0.07 X or less after aberration con- 
trol (thickness servo control)" can be used. 
[0463] The present inventio n is not limited to each em- 
bodiment described above, and various changes and 
modifications of the embodiments can be made without 
departing from the spirit and scope of the invention. 
[0464] The respective embodiments can be executed 
in combination with each other, if possible, as needed. 
Such a combination will produce its effect. 
[0465] The embodiments described above include in* 
ventions in various phases, and various inventions can 
be obtained from proper combinations of a plurality of 
constituent elements disclosed in the present applica- 
tion. Even if, for example, one or a plurality of constituent 
elements are omitted from the overall constituent ele- 
ments described in each embodiment, the arrangement 
obtained by omitting such constituent elements can still 
form an invention as long as at least one of the effects 
of the present invention can be obtained. 
[0466] (A1) Since "setting of a thickness irregularity 
amount before thickness irregularity correction (thick- 
ness servo control)", "setting of a servo gain for thick- 
ness irregularity correction (thickness servo control)", 
"setting of a residual deviation amount", and the like can 
be systematically performed by using the aberration 
amount of spherical aberration component of wavefront 
aberration, a thickness irregularity correction servo cir- 
cuit for an apparatus (an optical disk drive and a player 
or recorder using the drive) can be easily designed. 
[0467] (A2) A residual deviation amount can be set by 
using the aberration amount of spherical aberration 
component of wavefront aberration. In an apparatus (an 
optical disk drive and a player or recorder using the 
drive), therefore, margin allocation can be systematical- 
ly performed among other variation factors (variation 
factors in a tracking servo system, focusing servo sys- 
tem, tilt servo system, and the like). This greatly facili- 
tates margin allocation design in the design of servo sys- 
tems. 

[0468] That is, variation factors such as an allowable 
defocusing amount and the allowable tilt amount of an 
information medium can be converted into wavefront 
aberration amounts (defocusing components, coma 
components, and the like), and hence margin allocation 
can be performed by allocating the respective wavefront 
aberration amounts. 



[0469] (A3) The thickness irregularity range of a trans- 
parent layer can be defined on the basis of the charac- 
teristics of thickness irregularity correction (thickness 
servo control) in an apparatus (an optical disk drive and 

5 a player or recorder using the drive). When : therefore, 
an information medium in which the thickness irregular- 
ity of a transparent layer falls within this defined range, 
high reliability and stability can be ensured with respect 
to recording and playback characteristic. 

10 [0470] (A4) In a conventional apparatus having no 
thickness irregularity correction (thickness servo con- 
trol) function, the spherical aberration amount musj be 
reduced in playback or recording operation. For this rea- 
son, the precision required for the thickness irregularity 

15 of the transparent layer of an information medium is very 
high (especially when NA exceeds 0.65). 
[0471] It is, however, very difficult to manufacture an 
information medium while controlling the thickness ir- 
regularity of a transparent layer with high precision. As 

20 the precision required for thickness irregularity increas- 
es, the manufacturing yield of media decreases. As a 
consequence, the sales price of information media 
greatly rises. 

[0472] In contrast to this, when an apparatus (an op- 
25 tical disk drive and a player or recorder using the drive) 
is made to have a thickness irregularity correction (thick- 
ness servo) function by the present invention, the thick- 
ness irregularity allowable amount of the transparent 
layer of an information medium greatly increases. As a 
30 consequence, the manufacturing yield of information 
media greatly increases, and hence the sales price of 
media can be greatly lowered. 

[0473] (B1 ) Since the thicknesses of the transparent 
layers of information media can be nondestructive^ 
35 measured, the information media after measurement 
can be directly used as products. This makes it possible 
to increase the yield and decrease the sales price of in- 
formation media. 

[0474] (B2) The measurement precision for the thick- 
40 ness of the transparent layer of an information medium 
can be greatly increased. 

[0475] (C1) Defining variations in the thickness of a 
transparent layer and variations in the refractive index 
of the transparent layer within predetermined ranges 

45 can optimize the design of servo systems in a playback 
system or recording/playback system. 
[0476] (D1 ) Defining variations in the thickness of the 
transparent layer of a single-sided dual-layer disk and 
variations in the refractive index of the transparent layer 

50 within predetermined ranges can optimize the design of 
servo systems in a playback system or recording/play- 
back system for the two recording layers below the 
transparent layer. 

[0477] (D2) The use of thickness irregularity correc- 
55 tion (thickness servo control) as a prerequisite will great- 
ly reduce the thickness precision for the respective lay- 
ers from the disk surface to the reflecting surface or re- 
cording surface of an information medium having a sin- 
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gle-sided dual-layer structure. This makes it possible to 
greatly increase the manufacturing yield of information 
media and greatly lowering the price of information me- 
dia. 

[0478] (D3) The use of thickness irregularity correc- 
tion (thickness servo control) as a prerequisite can guar- 
antee playback or recording operation with high stability 
and high reliability even for an information medium hav- 
ing a single-sided dual-layer structure. 
[0479] (E1 ) Thickness servo control with a servo loop 
independent of focusing servo control can reliably pre- 
vent a laser spot size from being increased by an aber- 
ration even if the focus is automatically adjusted to a 
best point by focusing servo control. 
[0480] (F1) Even if a disk (information medium) suf- 
fers warping, since tilt servo control can be performed 
to keep the central optical axis of the objective lens ver- 
tical to the disk recording surface, an increase in laser 
spot size due to coma can be prevented. 
[0481 ] (G1 ) Since differential push-pull (DPP) signals 
can be extracted from the optical system + circuit sys- 
tem for thickness servo control and/or tilt servo control, 
part of the optical system and circuit system for thick- 
ness servo control and/or tilt servo control can also be 
used for DPP. This makes it possible to reduce the total 
cost including the cost of DPP. 

[0482] From another viewpoint, since an aberration 
detection optical system for thickness servo control and 
the like can be formed by using an optical system that 
has already been provided for another purpose (tracking 
servo control by the DPP method), the cost of an optical 
head as a product can be reduced. 
[0483] In addition, the optical system for the optical 
head need not be further complicated for an aberration 
detection optical system. This contributes to a reduction 
in the size and weight of the optical head. 
[0484] (G2) Since crosstalk cancel (CTC) signals can 
be extracted from the optical system + circuit system for 
thickness servo control and/or tilt servo control, part of 
the optical system and circuit system for thickness servo 
control and/or tilt servo control can be also be used for 
CTC. This makes it possible to reduce the total cost in- 
cluding the cost of CTC. 

[0485] From another viewpoint, since an aberration 
detection optical system for thickness servo control and 
the like can be formed by using an optical system that 
has already been provided for another purpose (cross- 
talk suppression by the CTC method), the cost of an op- 
tical head as a product can be reduced. 
[0466] In addition, the optical system for the optical 
head need not be further complicated for an aberration 
detection optical system. This contributes to a reduction 
in the size and weight of the optical head. 
[0487] (G3) Since differential push-pull (DPP) and 
crosstalk cancel (CTC) signals can be extracted from 
the optical system + circuit system for thickness servo 
control and/or tilt servo control , part of the optical system 
and circuit system for thickness servo control and/or tilt 
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servo control can be also be used for DPP and CTC. 
Therefore, the apparatus arrangement including the 
DPP and CTC functions can be simplified. This makes 
it possible to attain a reduction in the size and weight of 
■5 the apparatus (an optical head and disk drive or record- 
er/player) and a reduction in total cost. 



Claims 

10 

1 . An information medium characterized by compris- 
ing a recording layer or reflecting layer protected by 
a transparent layer which has a predetermined 
thickness and can accompanying refractive index 

is irregularity in a predetermined range and thickness 
irregularity in a predetermined range. 

2. A servo system which is used to play back informa- 
tion recorded on the recording layer or reflecting 

20 layer or recording/playing back on/from the record- 
ing layer from said information medium defined in 
claim 1 which has the recording layer or reflecting 
layer covered with the transparent layer that can be 
accompany thickness irregularity or refractive index 

25 irregularity, characterized by comprising 

a light sending system for focusing light of a 
wavelength X from a light source onto a recording 
surface of said information medium, a detection op- 
tica! system for detecting the light of the wavelength 

30 X from said information medium, and a servo sys- 
tem for reducing an optical aberration amount of the 
light of the wavelength X focused on the recording 
surface of said information medium by said light 
sending system, 

35 wherein a residual deviation amount of the op- 

tical aberration is kept to not more than 0.07 X rms 
as a result of operation of said servo system for re- 
ducing the optical aberration amount. 

40 3. A servo system which is used to play back informa- 
tion recorded on the recording layer or reflecting 
layer or recording/playing back on/from the record- 
ing layer from said information medium defined in 
claim 1 which has the recording layer or reflecting 

45 layer covered with the transparent layer that can ac- 
company thickness irregularity or refractive index ir- 
regularity, characterized by comprising 

a light sending system for focusing light of the 
wavelength X from a light source onto a recording 

so surface of said information medium, a detection op- 
tical system for detecting the light of the wavelength 
X from said information medium, and a servo sys- 
tem for reducing an optical aberration amount of the 
light of the wavelength X focused on the recording 

55 surface of said information medium by said light 
sending system, 

wherein a residual deviation amount of the op- 
tical aberration is kept to not more than 0.07 X rms 
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x G where G is a servo gain for said servo system 
for reducing the optical aberration amount as a re- 
sult of operation of said servo system. 

A method of measuring a thickness of a transparent 5 
layer, characterized by comprising the steps of: 

irradiating the recording layer or reflecting layer 
of said information medium defined in claim 1, 
covered by a transparent layer that can accom- io 
pany thickness irregularity, with a focused light 
beam through the transparent layer; 
measuring an aberration amount of light reflect- 
ed by the recording layer or reflecting layer; and 
obtaining a thickness of the transparent layer 15 
from the measured aberration amount. 

An information medium according to claim 1 which 
has a recording layer or reflecting layer protected 
by a transparent layer which has a predetermined 20 
thickness d and can accompany irregularity of a re- 
fractive index n in a predetermined range and thick- 
ness irregularity in a predetermined range, 

characterized in that a relationship between 
the refractive index n and thickness d of the trans- 25 
parent layer is defined in a range surrounded by six 
points: 



(1) n = 1.42, d= 186 u.m; 



(2) n = 1.57, d= 160 \im\ 



(3) n = 1.72, d = 160 u,m; 



(4) n = 1 .72, d = 40 u,m; 



(5) n = 1 .57, d = 40 u.m; and 



(6) n = 1 .42, d = 66 u,m. 



30 



35 



40 



45 



6. An information medium according to claim 1 which 
has a recording layer or reflecting layer protected 
by a transparent layer which has a predetermined 
thickness d and can accompany irregularity of a re- so 
fractive index n in a predetermined range and thick- 
ness irregularity in a predetermined range, 

characterized in that when said information 
medium is to be used in an apparatus including an 
objective lens for guiding coherent light of a prede- ss 
termined wavelength to the recording layer or re- 
flecting layer through the transparent layer, and a 
thickness servo system for suppressing an influ- 



8. 



ence of an optical aberration of the objective lens 
due to thickness irregularity or refractive index ir- 
regularity in the transparent layer, thickness irregu- 
larity 8d of the transparent layer is managed to be- 
come not more than a value corresponding to 



{[0.94 x 8 n 3 ]/[0.07 X (n 2 - 1) x (NA) 4 ]} 



x (G • Wcrms) 

where n is a refractive index of the transparent layer, 
NA is a numerical aperture of the objective lens, G 
is a servo gain of the thickness servo system, and 
Wcrms is a correction function for the optical aber- 
ration due to servo operation of the thickness servo 
system. 

An information medium according to claim 1 , char- 
acterized in that 

said medium has a first recording layer or re- 
flecting layer and a second recording layer or 
reflecting layer stacked on the first recording 
layer or reflecting layer through a transparent 
space layer, and a transparent layer which has 
a predetermined thickness d and can accom- 
pany irregularity of a refractive index n in a pre- 
determined range and thickness irregularity in 
a predetermined range is formed on the first re- 
cording layer or reflecting layer, 
the predetermined thickness d indicates a dis- 
tance from a surface of the transparent layer to 
an intermediate portion of the space layer and 
a relationship between the refractive index n 
and thickness d of the transparent layer is de- 
fined in a range surrounded by six points: 

(1) n = 1.42, d = 229 u.m; 



(2) n= 1.57, d= 190 u.m; 

(3) n= 1.72, d= 190 u.m; 

(4) n= 1.72,d = 10u.m; 
(5) n = 1 .57, d = 10 jim; and 

(6) n= 1.42,d = 49u.m. 

An apparatus which is used to playback information 
recorded on the recording layer or reflecting layer 
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or recording/playing back on/from the recording lay- 
er from said information medium defined in claim 1 
which has the recording layer or reflecting layer cov- 
ered with the transparent layer that can accompany 
thickness irregularity or refractive index irregularity, 5 
characterized by comprising 

a light sending system for focusing light from 
a light source onto a recording surface of said infor- 
mation medium, a detection optical system for de- 
tecting the light from said information medium, and 10 
aberration correction means for correcting an opti- 
cal aberration of the light focused on the recording 
surface of said information medium by said light 
sending system, 

wherein when information recorded on the re- * 5 
cording layer or reflecting layer is played back, or 
information is recorded/played back on/from the re- 
cording layer, said aberration correction means cor- 
rects the optical aberration. 

20 

9. An apparatus which is used to play back information 
recorded on said information medium defined in 
claim 1 or record/play back information on/from said 
information medium, characterized by comprising 

a light sending system for focusing light from 25 
a light source onto the recording surface of said in- 
formation medium, and a detection optical system 
for detecting light from said information medium, 

wherein a spherical aberration state and de- 
focusing state of the light focused on the recording 30 
surface of said information medium by said light 
sending system are independently detected. 

1 0. An aberration state detection apparatus character- 
ized by comprising: 35 

a light sending system for focusing light from a 

light source onto the recording surface of said 

information medium defined in claim 1 ; 

a detection optical system for detecting light *o 

from said information medium; and 

means for detecting a state of occurrence of 

wavefront aberration or spherical aberration of 

the light focused on the recording surface of 

said information medium by said light sending *5 

system from a detection result obtained by said 

detection optical system. 



optical system. 

1 2. An apparatus for playing back information recorded 
along a track concentrically or spirally formed on 
said information medium defined in claim 1 by using 
a focused light beam, or recording information 
along a track concentrically or spirally formed on 
said information medium by using a focused light 
beam, characterized by comprising 

a light source, an optical element having a 
light splitting function for focusing light from said 
light source onto a plurality of focusing positions on 
the recording surface of said information medium, 
a light sending system for focusing light from said 
optical element onto a plurality of focusing positions 
on the recording surface of said information medi- 
um, and a detection optical system for detecting the 
light from said information medium, 

wherein a signal corresponding to a relative 
positional shift between the focused light beam and 
the track on the recording surface of said informa- 
tion medium is detected from said detection optical 
system. 

13. An apparatus for playing back information recorded 
along a track concentrically or spirally formed on 
said information medium defined in claim 1 by using 
a focused light beam, characterized by comprising 

a light source, an optical element having a 
light splitting function for focusing light from said 
light source onto a plurality of focusing positions on 
the recording surface of said information medium, 
a light sending system for focusing light from said 
optical element onto a plurality of focusing positions 
on the recording surface of said information medi- 
um, and a detection optical system for detecting the 
light from said information medium, 

wherein a signal corresponding to crosstalk 
between adjacent tracks on the recording surface 
of said information medium is detected from said 
detection optical system. 



11. An apparatus characterized by comprising a light 

sending system forfocusing light from a light source so 
onto the recording surface of said information me- 
dium defined in claim 1 upon giving an optical ab- 
erration to the light, and a detection optical system 
for detecting light from said information medium, 

wherein an optical aberration state of the light 55 
focused on the recording surface of said information 
medium by said light sending system is detected 
from a detection result obtained by said detection 
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STATE WHERE FOCUS IS ATTAINED ON RECORDING LAYER WITH TRANSPARENT 
LAYER THICKNESS OF REFERENCE VALUE BY USING OPTICAL SYSTEM WITHOUT 
SPHERICAL ABERRATION 

(ASSUMING NO REFRACTIVE INDEX IRREGULARITY) 



F I G. 2A 




TRANS- ETsl 
PARENT WITHOUT 
LAYER ABERRATION 

FOCUSING 
POINT /?-- 
o 



O LU 

o>- 



STATE WHERE ABERRATION OCCURS WHEN THICKNESS OF TRANSPARENT LAYER 
VARIES IN DIRECTION IN WHICH IT BECOMES SMALLER THAN REFERENCE VALUE 
(THE SAME APPLIES TO CASE WHERE REFRACTIVE INDEX OF TRANSPARENT 
LAYER VARIES IN DIRECTION IN WHICH IT BECOMES LOWER THAN REFERENCE 




STATE WHERE ABERRATION OCCURS WHEN THICKNESS OF TRANSPARENT LAYER 
VARIES IN DIRECTION IN WHICH IT BECOMES LARGER THAN REFERENCE VALUE 
(THE SAME APPLIES TO CASE WHERE REFRACTIVE INDEX OF TRANSPARENT 
LAYER VARIES IN DIRECTION IN WHICH IT BECOMES HIGHER THAN REFERENCE 
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STATE WHERE FOCUS IS ADJUSTED WHEN PARALLEL LIGHT IS INCIDENT ON 
OBJECTIVE LENS WITHOUT ANY THICKNESS IRREGULARITY 
(REFRACTIVE INDEX IRREGULARITY) OF TRANSPARENT LAYER 
(ZERO CORRECTION AMOUNT) 




STATE WHERE LIGHT INCIDENT ON OBJECTIVE LENS BECOMES NONPARALLEL 
(CONVERGENT) OWING TO THICKNESS CORRECTION 



FIG.3B 




STATE WHERE LIGHT INCIDENT ON OBJECTIVE LENS BECOMES NONPARALLEL 
(DIVERGENT) OWING TO THICKNESS CORRECTION 



F I G. 3C 
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IN CASE WHERE FOCUSING POINT /? SET BY OBJECTIVE LENS COINCIDES WITH 
POSITION ON RECORDING LAYER (LIGHT REFLECTED BY RECORDING LAYER AND 
HAVING PASSED THROUGH OPTICAL SYSTEM UNIT 70 IS KEPT PARALLEL) 



OPTICAL SYSTEM UNIT 70 
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I . OBJECTIVE LENS OPTICAL SYSTEM+THICKNESS IRREGULARITY 
4A (REFRACTIVE INDEX IRREGULARITY) CORRECTION OPTICAL SYSTEM 



IN CASE WHERE FOCUSING POINT 0 SET BY OBJECTIVE LENS IS LOCATED 
BEHIND POSITION ON RECORDING LAYER (LIGHT REFLECTED BY RECORDING 
LAYER AND HAVING PASSED THROUGH OPTICAL SYSTEM UNIT 70 BECOMES 
DIVERGENT LIGHT) 
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FIG.4B 



OBJECTIVE LENS OPTICAL SYSTEM+THICKNESS IRREGULARITY 
(REFRACTIVE INDEX IRREGULARITY) CORRECTION OPTICAL SYSTEM 



IN CASE WHERE FOCUSING POINT 0 SET BY OBJECTIVE LENS IS LOCATED 
BEFORE POSITION ON RECORDING LAYER (LIGHT REFLECTED BY RECORDING 
LAYER AND HAVING PASSED THROUGH OPTICAL SYSTEM UNIT 70 BECOMES 



CONVERGENT LIGHT) 
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r- , ^ An OBJECTIVE LENS OPTICAL SYSTEM+THICKNESS IRREGULARITY 
h I b. 4L (REFRACTIVE INDEX IRREGULARITY) CORRECTION OPTICAL SYSTEM 
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VALUE OF LIGHT INTENSITY (a.u. ; ARBITRARY UNIT) 
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SPHERICAL ABERRATION 
COEFFICIENT W40=0.0A 
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COEFFICIENT W^O.6 A 

I SPHERICAL ABERRATION 
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DISTANCE FROM CENTER OF FOCUSED SPOT SURFACE 
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SHAPE OF FOCUSED SPOT 
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FIG.5B 
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FOUR-SPLIT CELL 92 
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SPOT SIZE OF SUB-BEAM A DECREASES, AND SPOT SIZE OF SUB-BEAM B 
INCREASES DUE TO THICKNESS IRREGULARITY 



FIG.8A 




ABERRATION OF SUB-BEAM A=ABERRATION OF SUB-BEAM B 
(ABERRATION OF MAIN BEAM M IS ZERO OR MINIMUM) 
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FOCUSED SPOT 
INTENSITY 



SPOT SIZE OF SUB-BEAM A INCREASES, AND SPOT SIZE OF SUB-BEAM B 
DECREASES DUE TO THICKNESS IRREGULARITY 
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CENTRAL INTENSITY RATIO OF FOCUSED SPOT 
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VALUE OF LIGHT INTENSITY (a.u. ; ARBITRARY UNIT) 
A 

i 

1 — 



0.8— 



0.6 — 



0.4- 



0.2 — 



WITHOUT COMA 




WITH COMA (SMALL) 



WITH COMA (LARGE) 



\ WITH COMA (SMALL) 



1 1 ^ 



DISTANCE FROM CENTER OF FOCUSED SPOT AREA 

(a.u. ; ARBITRARY UNIT) 



FIG.11A 




FIG.11B 
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FIG.12A 
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EMBOSSED PIT PLAYBACK SIGNAL AMPLITUDE 




WOBBLE DETECTION SIGNAL AMPLITUDE 
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DETECTION SIGNAL BASED ON SUM 
SIGNAL FROM EMBOSSED PIT 




DETECTION SIGNAL BASED ON DIFFERENCE 
SIGNAL FROM WOBBLE GROOVE 
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EMBOSSED PIT PLAYBACK SIGNAL AMPLITUDE 




WOBBLE DETECTION SIGNAL AMPLITUDE 
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DETECTION SIGNAL BASED ON SUM 
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